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HISTORY OF CANADIAN SURGERY
GEORGE EDGEWORTH FENWIGK (1825-1894)
H. E. MacDERMOT, M.D., F.R.C.P.[C],a Montreal, Que.
T h e  modern expansion of surgery is apt to 
make us lose sight of certain men who have 
been absorbed into the general picture so 
completely that the original significance of 
their work is obscured. George Edgeworth 
Fenwick (Fig. 1), one such figure in the 
history of Canadian surgery, was born in 
Quebec in 1825. His family had come out 
from England a few years before. He had 
some medical experience in the Marine 
Hospital at Quebec and graduated at Mc­
Gill University, Montreal in 1847. He had 
completed the usual course in 1846 but was 
just under the age necessary for the grant­
ing of the degree. In the interval, he ac­
cepted an appointment as apothecary at the 
Montreal General Hospital (Fig. 2).
The Hospital had just completed its first 
quarter-century and Fenwick’s debut as one 
of its future notable figures was not auspi­
cious. Within a few months he was repri­
manded by the Committee of Manage­
ment, which then had very direct disciplin­
ary powers, for keeping a dog in his room: 
“to the annoyance of the servants, besides 
being a great nuisance in the institution, 
after having been civilly warned to put it 
away . . . The Committee further resolved 
not to allow Dr. Fenwick anv separate 
table for his meals, as being incomoatible 
with the interests of the institution.”1
Fenwick resigned at once, with a quick­
ness of temper that was to become familiar 
to his friends. His abilities, however, were 
soon recognized. Tt was to him some years 
later, in 1864, that the young Thomas Rod­
dick came one morning on his way from 
Newfoundland to study medicine in Edin­
burgh. As they sat talking a telegram came 
in appealing to Dr. Fenwick for help in a 
shocking train accident on the Richelieu 
River Bridge. Roddick begged to be al­
lowed to go with him and was told to come 
along. Later, on Fenwick’s persuasion, he
*Rer>rint address: 1.38 Dunrae Avenue, Montreal 
16, Que.
Fig. 1.—George Edgeworth Fenwick.
decided to take his training at McGill Uni­
versity.
In those days, medicine and surgery 
were practised together. The distinction 
between the surgeon and the physician was 
not formally recognized in the Montreal 
General Hospital before 1881. Fenwick, 
however, was a surgeon by instinct even as 
Osier was a physician. His surgical experi­
ence was largely gained in the pre-antisep­
tic days, when he would operate regularly in 
the same old, crusted, black frock coat. But 
he was one of the first in Montreal to adopt 
Lister’s antiseptic methods, being con­
vinced by Roddick’s lead where some of 
his colleagues were sceptical. He had the 
advantage of a sound anatomical training, 
from teaching experience, and he was con­
tent to do little rather than more. His stu­
dents were continually urged always to 
look after their own dressings, but he 
would know when to leave his patients 
alone. As Dr. Shepherd said of him: “He 
would operate and then not bother much
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Fig. 2.—The Montreal General Hospital in 1848.
about the case; perhaps he would go away 
for a day and yet the patient would get 
well. Others were too solicitous—never tired 
of meddling—like digging up a seed to see 
if it was growing, and the cases of such 
doctors usually died.”2
His judgment and independence of mind 
appear in his pioneering work on excision 
of the knee joint for chronic inflammatory 
conditions (Fig. 3). In his monograph on 
the subject,3 he dwells at length on the 
then-much-disputed question of amputa­
tion versus excision and arthrodesis of the 
joint. It was his constant preoccupation to 
save the limb if at all possible, and to do 
so he did not hesitate to undertake pro­
cedures both new and formidable. Some 
of the 28 patients in whom he did excision 
and arthrodesis were operated on before 
antiseptic precautions were taken, and he 
obtained results as good as those in British 
and Continental hospitals; he lost only two. 
Yet, in his opinion, much of the credit was 
due “to the better feeding and housing of 
the working class in Canada”.8
There is little doubt that in this field he 
was a leader in widening the scope of wise­
ly conservative surgery. He describes with 
obvious delight his first excision, done in 
1865 in a boy of 18 who had traumatic 
arthritis of the left knee of seven years’
Fig. 3.—One of Dr. Fenwick’s excisions of the 
knee joint.
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Fig. 4.—Fibroadenoma of the parotid.
standing.3 Five years after the operation 
the patient revisited Montreal. He had 
walked from New York to Albany for the 
fun of it, and had no trouble with his leg.
He dwells in detail on the accurate fit­
ting together of the ends of the bones, to 
ensure good union, and describes especially 
the careful use of the saw on the epiphy­
seal surfaces. Incidentally, he mentions the 
advice of an older teacher to practise saw­
ing on a hroom handle or walking stick. He 
said that one student followed this advice 
to the extent that it was impossible to keep 
a whole broom or walking stick in his 
father’s house.3
But Fenwick still was a general surgeon. 
The Montreal General Hospital has photo­
graphs of some of the immense tumours of 
the neck that he dissected out—reminiscent 
of Conan Doyle’s story in “Round the Red 
Lamp” (Fig. 4). He also gained a name as 
a “lithotomist”, and had a large collection 
of calculi. He would watch anxiously over 
these and his carefully preserved joint spe­
cimens when they were passed round the 
class in a clinic.
His wider interests are reflected in his
appointment to the presidencies of the 
Canadian Medical Association and the 
Montreal Medico-Chirurgical Society, and 
in his membership in the College of Physi­
cians and Surgeons of Quebec. He was on 
the teaching staff of McGill University for 
25 years, being Professor of Surgery for 15 
years. Among his papers preserved in the 
library of the Royal College of Physicians 
and Surgeons of Canada, are certificates of 
his membership, at the age of 22, in La 
Societe Medicale Marianopolis (1846), and 
in La Societe Pathologie Monte Regio 
(1849), as well as in the Natural History 
Society of Montreal. He was probably the 
oldest volunteer surgeon in Canada, and 
was connected with the Montreal Battery 
to his latest days, having seen service with 
it in the Fenian raids of 1866 and 1870. As 
editor of The Canada Medical Journal he 
occupied for several years an important 
place in medical journalism of the day. One 
can trace in his editorial writings the same 
impulsive fervour that he showed in his 
surgical work.
Tt is pleasant to notice the degree of 
affection with which he was universally re-
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garded. He was quick-tempered, as we have 
seen, and could be irascible, but no one 
was ever long angry with him, even if he 
kept them waiting for appointments, as he 
did so often as to gain the title of “the late 
Dr. Fenwick”. To Osier he was “that old 
darling” (the Osier Library preserves his 
notes of Fenwick’s lectures on surgery). 
One of his pupils, Dr. Casey Wood, gives 
us a picture of “the genial old man driving 
about Montreal in his fur coat and blow­
ing his nose a la Stentor, with an array of 
bandana handkerchiefs”.0
Practical and exact professionally he was 
improvident to a degree, often only send­
ing out his bills when pressed for money.
‘’From Dr. Wood’s letter of September 10, 1919 
to Sir William Osier with which he was sending 
Fenwick’s copy of Religio Medici. Wood had 
picked it up in a Montreal book-store, with Fen­
wick’s book-plate in it.
His friends once collected $1000 to help 
him out when he was getting over a severe 
illness. The signatures of the contributors 
(also in the Royal College library) read like 
a roll call of the medical profession in 
Montreal. He at once spent $600 on a piano 
and used the rest for a trip. He said he had 
always wanted a piano and here was his 
chance.
He died of cerebral hemorrhage on Tune 
26, 1894.
R e f e r e n c e s
1. Montreal General Hospital: Minutes of Com­
mittee of Management, November 17, 
1848.
2. Sh eph er d , F. J.: Reminiscences of student
days and dissecting room, privately printed, 
Montreal. 1919, p. 15.
3. F en w ic k , G. E.: Excision of the knee joint;
with report of twenty-eight cases, Dawson 
Bros., Montreal, 1883.
TH E  F IR S T  N EPH R O U R E TE R E C TO M Y
In 1896, H. A. Kelly wrote the following 
description:
The patient suffered from frequent spasms of 
the bladder of such intensity that she passed most 
of her time in a squatting posture in bed, scream­
ing with pain . . .
A vaginal examination showed the right ureter 
to be normal, while the left was large, thick, and 
rigid, apparently about 1 cm. in diameter, and so 
exquisitely sensitive that only the gentlest pressure 
could be made upon it. Its surface was also irregu­
lar and exhibited depressions at intervals. The 
enlarged ureter could also be located through the 
abdominal walls at the pelvic brim, and traced 
above this point by following a well-marked line 
of tenderness.
I catheterized the ureters and obtained a few 
c.c. of a clear brown acid urine from the right 
side . . . but nothing escaped from the left side 
after waiting some ten minutes; then upon man­
ipulating the catheter a little, it was felt to pass 
through a resistant area . . . and suddenly the 
urine began to flow so freely that in a few min­
utes about 90 c.c. of pale lemon-coloured alkaline 
urine escaped, loaded with pus and containing 
“tubercle bacilli” . . .
I determined to extirpate the left kidney with 
its ureter, and to this end made an incision in 
the left side 16 cm. long, outside of and parallel 
to the semilunar line. The muscles were divided, 
the peritoneum opened, and the viscera displaced 
to the right so as to expose the enlarged ureter 
lying on the psoas muscle. I then traced the 
ureter up to the kidney, which was cystic; the 
kidney was slowly enucleated from its bed. 
The renal vessels were finally tied with four 
fine silk ligatures and the kidney completely de­
tached. The large hard ureter was next freed from 
its cellular bed from above downward to the 
pelvic brim; . . .
The detachment of the ureter became more 
difficult after it was freed from the common iliac 
artery and vein; at a point 4 cm. below the pelvic 
brim where the ureter turns forward, it was sur­
rounded with such dense cellular tissue that I 
decided not to enucleate any further . . .  so I 
tied the ureter on the floor and cut it off, leaving 
wedge-shaped flaps, and removed the kidnev with 
the entire abdominal portion and one-half the 
pelvic portion of the ureter.
The mucosa of the lower end beyond the liga­
ture was sterilized with the thermo-cautery and 
the flaps approximated with fine silk sutures and 
dropped . . .  a strip of gauze . . . was laid from the 
brim of the pelvis down into the loin and brought 
out. It was not necessary to unite the peritoneal 
wound beside the colon, because the natural 
apposition was so good.
The long abdominal incision was then closed 
with interrupted silkworm-gut sutures. The gauze 
drain . . . was removed on the fifth day. When 
the sutures were removed the union was perfect 
and there was no suppuration at any point.
This procedure, the first nephroureterectomy 
recorded, was performed on March 30, 1893 
by Kelly, who at that time was the Professor 
of Gynecology at Johns Hopkins University. 
The operation was described before the Surgi­
cal Section of the American Medical Associa­
tion in M ay 1893, but the manuscript was lost 
and the paper was not published at that time. 
It  appeared in the Bulletin o f  Joh n s H opkins  
H ospital three years later, along with two 
other descriptions of patients with nephro- 
ureterectomies.—Reservitz, G. R.: A historic 
review of nephroureterectomy, Surg. G ynee. 
O hstet., 125: 853, 1967.
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THE EFFEC T OF ULCERATION ON THE ABILITY OF TH E GASTRIC- 
MUCOSA TO CONTAIN AN ACID SOLUTION*
G. K. WLODEK, M.D., C.M., M.Sc., F .R .C .S .[C ]t and R. K. LEACH, B.Sc., Montreal, Que.
T h e  mucosa of the normal stomach in man 
and experimental animals can contain an 
acid solution against a high concentration 
gradient.1 This unique property, which is 
most marked in the body of the stomach, 
is attributed to the mucosal barrier to sodi­
um and hydrogen ions.- Although the mu­
cosal barrier is said to be increased during 
the secretion of acid, recent evidence has 
shown that this increase may be dependent 
on the stimulation of the pyloric antrum.3- 4
In our laboratory we have perfected a 
method by which the sequential ionic 
fluxes can be measured within a gastric 
pouch without continually emptying the 
pouch contents.5 In innervated Pavlov gas­
tric pouches, histamine stimulation and 
feeding increase the ability of the pouch 
mucosa to contain and secrete an acid solu­
tion. Vagal stimulation, although increasing 
the secretion of acid, did not have any 
effect on the ability of the pouch mucosa to 
contain an acid solution, as measured by 
sodium-ion gain and presumed hydrogen- 
ion loss.4 These findings indicate that antral 
stimulation may be the mechanism that 
controls the muosal barrier to sodium and 
hydrogen ions within the stomach.
If this conclusion is valid, antral disease 
or any condition that suppresses the me­
chanism by which gastrin is released may 
decrease the mucosal barrier to sodium and 
hydrogen ions throughout the stomach. 
Without this barrier hydrogen ions secreted 
into the lumen of the stomach would be 
rapidly reabsorbed in exchange for sodium 
ions until an equilibrium was achieved. The 
net effect would be that an isotonic solution 
of sodium chloride would be recovered
“From the University Surgical Clinic, McGill Uni­
versity, The Montreal General Hospital, Montreal, 
Que.
Presented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of Canada, 
Ottawa, Ont., January 1967.
fAssistant Surgeon, Department of Surgery, Mc­
Gill University, The Montreal General Hospital, 
Montreal, Que.
from the lumen of the stomach in spite of 
active acid secretion, and probably mu­
cosal resistance to peptic digestion would 
be decreased eventually leading to gastric 
ulceration. Lowering the mucosal barrier 
by the intraluminal instillation of eugenol- 
or by the administration of carbonic an- 
hydrase inhibitors® causes damage to the 
stomach that is due to increased reabsorp­
tion of hydrogen ions through the mucosa. 
Antral disease is also associated with hypo- 
secretion and the appearance of gastric ul­
cers.
Johnson et al.1 classified gastric ulcers 
into three main types: Type 1 occurs in the 
body of the stomach with no macroscopic 
abnormality of the duodenum, pylorus or 
prepyloric area. Patients with type 1 ulcers 
have a small blood group A preponderance 
and have low levels of HC1 secretion. 
Types 2 and 3 ulcers are not associated with 
decreased acid secretion. The low secre­
tion of acid in type 1 gastric ulcers may 
occur despite large volumes of gastric se­
cretion. It has been assumed that hydrogen- 
ion secretion in these individuals is de­
creased or absent, but the defect may be a 
decrease in the ability of the gastric mucosa 
to contain an acid solution. Davenports 
raised the interesting possibility that a mu­
cosal barrier defect exists in patients with 
gastric ulcers. He suggested that the gastric 
mucosa in such patients may not be able to 
contain an acid solution because the nor­
mal mucosal barrier to sodium and hydro­
gen ions is decreased; thus, acid secreted 
into the stomach disappears because intra­
luminal hydrogen ions are exchanged for 
interstitial sodium ions.
Davenport’s hypothesis is extremely in­
teresting but it begs the question as to 
which came first, the ulcer or the decreased 
mucosal barrier. Two possibilities exist. 
First, the primary defect may be a de­
creased mucosal barrier to sodium and hy­
drogen ions with a resulting free exchange
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of intraluminal hydrogen for interstitial 
sodium allowing acid-peptic forces to at­
tack the mucosa. This def ect could be due 
to antral disease in a stomach unable to 
contain an acid solution and the process 
could progress to gastric ulceration. In this 
circumstance, the ulcer is due to the pri­
mary defect in the mucosal barrier. A long­
standing decrease in the mucosal barrier 
may also result in a decreased parietal-cell 
mass and a final, absolute achlorhydria. A 
second possibility is that a gastric ulcer may 
develop spontaneously after trauma or 
after local tissue changes in an area that 
has a normal mucosal barrier. The granula­
tion tissue in the ulcer base would then 
allow a free exchange of sodium for hydro­
gen ions and produce a secondary gastritis 
in the surrounding areas. This gastritis, if 
progressive, could decrease the surrounding 
mucosal barrier and hence the local ability 
to contain an acid solution.
In the present study we investigated the 
second possibility—the effect of ulceration 
on the capacity of the normal canine stom­
ach to maintain an acid solution. We fol­
lowed the effects of induced and spontane­
ous ulceration in denervated and innervated 
gastric pouches on: (1) the ability of the 
mucosa to contain an acid solution, (2) on 
its ability to secrete acid after histamine 
stimulation, and determined whether a 
secondary change occurred in the sur­
rounding mucosa that caused a general de­
crease in the mucosal barrier to sodium and 
hydrogen ions.
M ethod
Four Heidenhain and five Pavlov 
pouches were constructed in nine, healthy, 
adult mongrel dogs by the standard meth­
ods using meticulous mucosal suture tech­
nique. The animals were maintained on a 
standard kennel diet with sodium and 
potassium supplements and were intro­
duced into the experiments after a four- to 
six-week recovery period.
The in situ ionic fluxes and volume 
changes within the gastric pouches were 
measured by a technique developed in this 
laboratory. An acid solution was introduced 
into the pouch through a 50-c.c. reservoir 
syringe connected to an external stainless
steel cannula with polyethylene tubing. 
This solution contained hydrochloric acid, 
100 mEq./l., sodium chloride, 15 mEq./l., 
mannitol 0.078 normal solution, and poly­
ethylene glycol (PEG) 10 g./l. Polyethylene 
glycol (molecular weight 4000°) was used 
as a volume marker and, by the sequential 
measurement of its dilution in aliquot 
samples, the volume of the reservoir and 
pouch contents at each half-hour was mea­
sured without emptying the pouch.
All experiments were performed follow­
ing a 24-hour fast. The animals stood in 
Pavlov stands throughout each four-hour 
experiment. The reservoir and its acid con­
tents was placed 10 cm. above the pouch 
level and the pouch was allowed to equi­
librate to this pressure. The contents of the 
pouch were mixed at half-hour intervals 
and a 5-c.c. aliquot of the acid solution 
removed. Each half-hourly sample was as­
sayed for sodium and potassium by flame 
photometry, chloride by titration with sil­
ver nitrate, and hydrogen ion by titration 
to the phenolphthalein end-point. The con­
centration of PEG was determined by the 
turbimetric method of Hyden.9 Following 
five control basal samples, histamine acid 
phosphate, 0.4 mg./g., was administered 
subcutaneously and its effects were ob­
served for three 30-minute periods. At the 
end of the experiment, the recovery of 
PEG was expressed as a percentage of the 
total PEG introduced. Recovery values be­
tween 98 and 102% were accepted as 
valid. Depending on the weight of the dog, 
a dose of histamine phosphate, which var­
ied from 3 to 5 mg., was given subcutane­
ously, preceded by 20 mg. of diphenylhy- 
dramine intravenously.
Control experiments were performed on 
the four Heidenhain- and five Pavlov- 
pouch dogs over a two- or three-month 
period to ensure stability. Standard ulcers 
were produced in the Heidenhain pouches 
by a method developed for this experi­
ment. A thin-walled copper tube with an 
external diameter of 4 mm. was externally 
insulated with plastic. The tube was intro­
duced into the empty isolated pouch and 
10 to 15 cm. of suction applied to the tube. 
A uniform area of mucosa was sucked into
“Garbowax; Union Carbide Co. Ltd.
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the conducting lumen of the copper tube. 
An electrocautery current was then applied 
to the external portion of the tube. By this 
method, an ulcer of uniform diameter was 
produced in a period of three to five sec­
onds. In a preliminary experiment, we 
proved under direct vision that this tech­
nique was reproducible in dogs. Gastric 
ulcers could be produced that were similar 
in size, shape and pathological characteris­
tics. The seromuscular layer of the stomach 
was not involved. In most instances the 
coagulated, necrotic mucosa came away 
when the tube was removed from the gas­
tric pouch, otherwise it would slough with­
in a few hours. There was slight bleeding 
for two or three days following the ulcera­
tion and, in the denervated pouches, the 
induced ulcers healed completely within 
three to four weeks. Pathological examina­
tion at the end of this period revealed a 
thin mucosa over the 4-mm. ulcer with 
minimal scarring externally. In two of three 
animals with innervated Pavlov pouches, 
such ulcers rapidly progressed to perfora­
tion and hemorrhage. These dogs were ex­
cluded from the results.
Following the induction of controlled 
ulcers in the pouch, the animals were 
rested for two to three days until all signs 
of bleeding had stopped. The studies of 
ionic fluxes and volume changes were re­
commenced and continued on a twice- 
weekly basis for two to six weeks following 
the ulceration. The ionic fluxes were mea­
sured half-hourly and, when necessary, the 
effect of histamine on the net fluxes was 
assessed. Pouch contents that contained 
gross or microscopic blood were excluded 
from further analysis.
Only the results of three of the five in­
nervated-pouch dogs are reported. In two 
of these ulcers were never induced because 
they developed large spontaneous ulcers 
during the control observation, possibly as 
a reaction to repeated doses of histamine. 
The ulcers were recognized by pouch 
bleeding, confirmed by endoscopy and ex­
amined at autopsy at the conclusion of the 
experiments. The results in these dogs are 
reported to show the changes in the net 
ionic fluxes that occurred when these spon­
taneous and uncontrolled ulcers were pres­
ent. Ulceration was produced in the third
animal with an innervated pouch but with 
questionable success (see below). Ulcers in­
duced by cautery in two other innervated- 
pouch dogs progressed rapidly and those 
dogs died from hemorrhage or perforation 
within days. These two dogs are not re­
ported because we could not record acid 
secretion or ionic fluxes after the ulcers 
were induced.
R esults in  H eidenhain Pouches
Ulcers were successfully produced in the 
four dogs with denervated gastric pouches. 
At the end of the experiment the pouch 
mucosa was examined grossly and micro­
scopically. The induced ulcers, 2 to 3 mm. 
in diameter, had healed. Microscopically, 
the submucosa was scarred but the ulcer 
was covered by a single layer of columnar 
epithelial cells. The remainder of the mu­
cosa was normal.
The results in each of the dogs have been 
averaged and are recorded as the average 
half-hourly ionic and volume changes at 
basal levels, before and after ulceration. 
The data from all the animals were pooled 
and the results analyzed for statistical sig­
nificance. The results after histamine stim­
ulation are recorded as the peak hourly 
volume and ionic changes before and after 
the induction of ulceration.
E ffect of U lceration o n  Basal V alues
Table I shows the ionic and volume 
changes each half-hour before and after 
ulceration. At basal levels of secretion be­
fore ulceration, all the dogs had volume 
changes that varied from 0.7 ml. to 1.94 
ml. per half-hour. At the same time, hydro­
gen-ion content within the pouches de­
creased from —38 «Eq. to —147 /<Eq. and 
the chloride increased from 55 /iEq. to 217 
/jEq. The sodium increase varied from a 
low of 98 /tEq. in dog 3 to a high of 282 
/.(Eq. in dog 10. In all the animals the esti­
mated hydrogen-ion loss—the difference be­
tween the chloride gain and the hydrogen- 
ion loss—equalled the pouch gains of sodi­
um.
After ulcer induction, three of the dogs 
had an increased volume of acid secretion. 
The greatest increases were in dogs 2 and 
9 with increases of 0.46 and 0.60 ml. over
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TABLE I.— A verage  Basal H alf-H ourly I onic C hanges (/iEq.) and V olume Changes (ml.) i n F o urH ei- 
d enhain  P ouches B efore and A fter  U lceratio n . T he R esults are from 41 F our-Hour Experim ents
Dog number
Volume
Num ber* {m l.)
H +
(uE q .)
C l~
(liE q .)
N a+
(uE q.)
K +
(liE q .)
Control................................................
o
19 1.94 — 65 217 151 9.1
“ Ulcer..................................................... 9 2.40 -1 5 5 271 243 15.0
Control................................................
3
17 1.23 -  38 134 98 5.4
Ulcer..................................................... 9 1.37 -  92 144 178 8.7
Control................................................
Q
35 0.70 -1 1 6 55 173 5.0
Ulcer..................................................... 30 1.30 -  99 142 272 9.0
Control................................................ 38 1.40 -1 4 7 147 282 10.4
Ulcer..................................................... 25 1.20 -1 7 5 132 305 9.1
*In this and subsequent tables, 
out in each animal.
number (column 2) refers to the number of observations carried
the basal values. The animals with the were as follows: The volume change in-
greatest increase in volume after ulceration 
also had the greatest increase in chloride 
ions and the greatest increase in sodium. 
Three of the dogs had an increased net loss 
of hydrogen ions from the pouches. Dog 
9 had an increase in hydrogen ions per half- 
hour, the control value of —116 /iEq. 
changed to —99 /iEq. This was in the face 
of the largest increase in volume observed 
and the largest increase in the chloride net 
gain.
All four animals had an increase in sodi­
um after ulceration. This was the most con­
sistent finding in the experiments on de- 
nervated pouches.
The averages of all the basal values in 
the four dogs are shown in Table II. In the 
half-hour before stimulation, the volume 
was 1.24 ml., S.D. ±  0.68 ml. The hydrogen 
ions decreased by 106 ±  73 wEq. and the 
chloride increased by 128 ±  88 aEq. The 
sodium increased by 196 ±  74 />Eq. and 
the potassium by 7.7 /iEq.
After ulcer induction, the average values
creased to 1.41 ±  0.76 ml., a figure that is 
not statistically significant. The hydrogen- 
ion net flux decreased from the basal value 
of —106 to —131 ±  86 /iEq., only slightly 
significant at a P value of 0.05%. The 
chloride gain increased to an average value 
of 154 ±  97 ^Eq., an increase of 26 /iEq., 
which was not statistically significant. The 
sodium-ion net flux increased to 268 ± 130 
/iEq.—the P value (0.001) is highly signifi­
cant.
In the basal control half-hour, we have 
assumed that the total chloride net flux rep­
resents hydrochloric acid secretion, and 
that the true hydrogen-ion loss from the 
pouch is the number of hydrogen ions se­
creted into the pouch as acid, plus the num­
ber of hydrogen ions recorded as being 
lost. Therefore, in the basal state, the 
pouch secreted 128 /iEq. of hydrochloric 
acid, and 234 «Eq. of hydrogen ions were 
reabsorbed in exchange for a proportional 
number of sodium ions, 196 uEq. After ul­
ceration, the total loss of hydrogen ions
TABLE I I .— A verage  Basal R esults from F our H eidenhain  P ouches Showing the  H alf-Hourly' 
I onic Changes (/iEq.) and V olume Changes (ml.) B efore and A fter  Ulceration . T he N et Change is 
the  D ifference  A ttributed  to the Ulceration
N u m b er
V o lu m e  
( m l . )
/ / +
(liE q .)
C l~
(uE q .)
N a +
(liE q .)
A' + 
(liE q .)
Control....................... ........  109 1.24 -1 0 6 128 196 7.7
Post-ulcer................... ........  73 1.41 -1 3 1 154 268 9.7
Net change................ 0.17 *1C<N1 26 72** 2 .0
*Slightly significant on statistical analysis (P<0.05). 
**Highly significant on statistical analysis (P<0.001|.
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TABLE III.— A v e r a g e  O n e -H our  P ost-H ista m in e  V o lu m e  C h a n g e s  (ml.) an d  Io n ic  C h a n g e s  (/iEq.) 
in  E ach  of F o u r  H e id e n h a in  P o u ch es  B e fo r e  a n d  A f t e r  U lc e r a t io n
Dog number Num ber
V olum e
(m l.)
H +
(nE q.)
c i -
(l*Eq.)
N a +
(liEq.)
K  + 
(liE q.)
Control. ............................................  5 12.5 1482 1915 274 66
” Ulcer... ............................................  4 14.0 1983 2275 392 57
Control. ............................................  3 16.1 2079 2378 223 65
Ulcer... ,............................................  4 17.4 2029 2411 404 84
Control. ............................................  4 18.8 2921 3139 170 80
Ulcer. . . ............................................  3 10.2 2315 2747 423 79
Control. ............................................  4 20.9 3182 3515 438 56
Ulcer.. . , ..........................................  3 16.9 2440 2783 269 30
increased to 285 //Eq. and is represented 
by an increased number of sodium ions 
(268 /tEq.) entering the pouch. This ex­
change of hydrogen for sodium has been 
significantly increased by ulcer induction. 
We assume that the increased loss occurred 
through the ulcer crater because the granu­
lating tissue base allows the free exchange 
of sodium for hydrogen ions. As the results 
of histamine stimulation show, the total 
ability of the gastric mucosa to prevent 
such exchange is not greatly decreased. We 
have also concluded that the ability of the 
mucosa elsewhere in the stomach to con­
tain an acid solution is not affected by focal 
idceration. The defect is a local one only 
and results in a small loss of hydrogen ions 
in exchange for sodium.
Effect of Ulceration on O ne-H our
Post-H istamine V alues
The net ionic and volume changes for 
each animal after histamine stimulation in 
control and post-ulceration periods are 
shown in Table III, and the averages in 
Table IV. With histamine stimulation, the 
acid secretion into the pouch increased 
greatly. The average total volume secreted
in one hour was 16.9 ml. In the same ani­
mals after ulcer induction, secretion is 
decreased slightly from the control level (to 
16.0 from 16.9 ml.). This was not statistical­
ly significant. After histamine stimulation, 
the number of hydrogen ions in the pouch 
increased by 2379 //Eq. in one hour. After 
ulceration, this increase was slightly less— 
2165 //Eq. Similarly the peak, hourly, 
chloride-ion gain is 2708 //Eq. before and 
2523 //Eq. after the ulcer induction. The 
hourly sodium-ion net gain increased from 
279 /iEq. to 369 «Eq. after ulceration. This 
increase is highly significant on statistical 
analysis. After ulceration and histamine 
stimulation, the acid secretion is unchanged 
or minimally decreased. However, the com­
petence of the stomach (its ability to con­
tain hydrogen ions) is slightly decreased, as 
reflected in the increased amount of sodium 
entering the pouch. This represents an in­
creased exchange of intraluminal hydrogen 
for interstitial sodium.
Table V shows the half-hourly changes 
before and after ulceration, at basal levels 
and after histamine stimulation.
In the ulcerated Heidenhain pouches, 
the half-hourly, basal net gain of sodium
TABLE TV.—A v e r a g e  O ne-H o u r  P ost-H is t a m in e  V o lu m e  C h a n g e s  (ml.) a n d  I o n ic  C h a n g e s  (jjEq.l 
from  the  H e id e n h a in  P o u ches  in  16 E x p e r im e n t s  B e f o r e  an d  14 E x p e r im e n t s  A f t e r  U l c e r a t io n
Number
Volum e
(m l.)
H +
(fxEq.)
c i -
(uEq.)
NnN
(tiEq.)
K +(/xEq .)
Control............... ............  16 16.9 2379 2708 279 67
Post-ulcer........... ............  14 16.0 2165 2523 369 64
Net change........ - 0 .9 -214 — 185 +  90** - 3
**Highly significant on statistical analysis (P <0.001).
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TABLE V. A v e r a g e  H a l f -H o u r l y  I onic  C h a n g e s  (/*Eq.) and  V o lu m e  C h a n g e s  (ml.) in  F o u r  H e id e n - 
h a in  P o u c h e s  a t  B a s a l  L evels  a n d  A f t e r  H ista m in e  St im u l a t io n , B e fo r e  a n d  A ft e r  U l c e r a tio n
Volume
(ml.)
H  + 
(uEq.)
C L
(txEq.)
N a +
inEq.)
K +
inEq.)
W
Basal............
Control----- -1 0 6 128 196 7.7
Histamine. . 1189 1354 139 34
Basal............
Post-ulcer -131 154 268 9.7
Histamine. . 1033 1262 185 32
was 268 /Jiq. before histamine administra­
tion. In the same animals after histamine 
stimulation and with pouch ulceration, the 
sodium gain was decreased to 369 ^Eq. per 
hour or 184 uEq. per half-hour. The de­
crease of sodium gain from 268 to 184 after 
the histamine is significant and reflects the 
increased ability of the rest of the mucosa 
to contain an acid solution. This is a nor­
mal response and compares favourably 
with the sodium decrease after histamine 
in the pouches before ulceration. This is 
evidence that, in spite of a small ulcer, the 
mucosal barrier of the pouches is still able 
to respond normally to the histamine stim­
ulus. Therefore, any change in hydrogen 
ions in the ulcerated pouches is due to a 
local and not a general effect. The increased 
loss of hydrogen ions in exchange for sodi­
um occurs through the ulcer crater itself 
and not through a mucosal barrier defect 
in the non-ulcerated mucosa.
Results in Pavlov Pouches
quent bathing of the pouch with an acid 
solution during the twice-weekly control 
experiments probably caused the ulcera­
tion. When the ulcer was suspected, addi­
tional histamine caused further minimal 
bleeding and was discontinued. By endo­
scopic examination of the pouch under 
pentathol anesthesia, the ulceration was 
seen to be opposite the gastric cannula and 
was not due to direct pressure necrosis of 
the mucosa from traction on the flanged 
cannula or extrusion of the cannula. Dog 6 
had an area of gastritis covering approxi­
mately 30% of the pouch mucosa and 
three 1-cm. ulcers were seen. These ulcers 
had necrotic bases and extended into the 
muscular layers. At autopsy, dog 7 had a 
single 1.5-cm. ulcer surrounded by a small 
area of minimal gastritis.
In dogs 6 and 7 the average volume 
changes and net ionic fluxes per half-hour 
were recorded before and after the esti­
mated onset of the ulcer. The results are 
shown in Table VI.
m
A
*♦
b
In dogs 6 and 7, spontaneous ulcers de­
veloped in the innervated pouches during 
the control period. Because the ulcers were 
unexpected, their exact time of onset could 
only be estimated. The combination of re­
peated histamine stimulation and the fre­
Dog 6 had a minimal increase in the 
volume of secretion after the ulcer ap­
peared. The hydrogen-ion net flux de­
creased sharply from —91 to —166 ;<Eq. per 
half-hour. This decrease occurred despite 
a decreased net gain in the chloride (sig-
*
TABLE VI. A v e r a g e  of th e  B a sal  H a l f -H o u rly  I onic  C h ang es  (juEq.) a n d  V o lu m e  C hanges  (m l.) 
in  t h e  I h r e e  F a v l o v  P ouches  B e fo r e  an d  A ft e r  th e  E stim ated  D a te  of O n se t  of S pon tan eo u s  *
U lc e r s  (D ogs 6 an d  7) and  I n duced  U lc e r  (D og  8)
Dog number Number
Volume
(ml.)
/ /  +
(uEq.)
CV
(uEq.)
Na + 
(vEq.)
K+
(/xEq.)
A
Control.............................. ................  15 0.98 -  91 107 207 2 %
Ulcer.................................. 1.12 -1 6 6 89 270 5
Control..................
7 --------------------------------------- ................  13 0.92 -1 1 8 100 238 4
Ulcer............................... 111 -1 7 5 112 293 6
Control........................
8 - 1.48 -  1 274 238 9
*
35 2.86 +297 532 266 21
T
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ilifying that acid secretion into the pouch 
was not changed). This decrease also indi­
cated that there was no exudation of plas­
ma, because this would have increased both 
sodium and chloride net gains. While the 
net loss of hydrogen ions was increasing, 
the sodium net gain increased significantly 
showing that the increased loss of hydro­
gen ions could be due to an ion-for-ion 
exchange for sodium secondary to the ul­
cer.
Dog 7 had similar volume and ionic 
changes under basal conditions. Volume se­
cretion did not change significantly after 
ulceration, and the chloride net gain re­
mained at basal levels. The main changes 
were the increased loss of hydrogen ions 
from the pouch —118 uEq. before and —175 
u.Eq. after ulceration. This increased loss 
was approximately equal to the increase 
noted in the sodium net flux, which rose 
from 238 yEq. to 293 uEq. per half-hour.
In each of dogs 6 and 7, only two experi­
ments were done with histamine stimula­
tion after ulceration. In all of these there 
was a decreased net gain in sodium over 
the basal half-hours, showing that the re­
mainder of the gastric mucosa had retained 
its normal barrier to hydrogen and sodium.
Dog 8 had a Pavlov pouch in which an 
ulcer was produced by the suction-thermo­
cautery technique. Bleeding followed and 
recurred whenever histamine was adminis­
tered so that all our post-histamine results 
were invalidated. The only results available 
in this dog are those under basal unstimu­
lated conditions before and after ulcera­
tion. The average half-hourly results (Table 
VI) show that the basal half-hour volume 
secretion increased significantly and was 
accompanied by a great increase in the 
chloride net gain, signifying an increased 
secretion of hydrochloric acid. The sodium 
net gain increased only slightly (238 to 266 
/iEq.) and, in the presence of the increased 
acid secretion, was not considered signifi­
cant. Contrary to the findings in dogs 6 and 
7, these results did not show any signifi­
cant increased loss of hydrogen ions after 
ulceration. At autopsy, two weeks later, 
there was no evidence of any mucosal 
damage or scarring. We had probably not 
produced a true ulcer, in which case the 
hypersecretion was due to irritation.
D iscussion
We observed the in situ ionic changes in 
isolated gastric pouches and, in reaching 
our conclusions, have assumed that the ex­
change of intraluminal hydrogen for inter­
stitial sodium is an important property of 
the mucosa. This theory, which was first 
proposed by Teorell,1 was amplified by 
Davenport, Warner and Code.2 We mea­
sured the amount of sodium entering the 
pouch and have observed repeatedly that 
this gain is numerically equal to the appar­
ent loss of hydrogen ions from the pouch. 
This mucosal exchange modifies the acid 
secreted by the stomach, and is a mechan­
ism of acidity control. If the stomach could 
not contain an acid secretion, it could still 
secrete acid but the acid would be rapidly 
reabsorbed for sodium ions and there 
would be no demonstrable external acid 
secretion. Thus, apparent achlorhydria or 
hypochlorhydria may be due either to a 
decreased mucosal barrier or to decreased 
acid secretion.
In our results, the ability of the mucosa 
to contain an acid secretion is expressed as 
the net gain of sodium and is approximate­
ly equal to the total loss of hydrogen from 
the pouch contents. We have assumed 
that the net gain of sodium is a reflection of 
the competence of the gastric mucosa. 
Previous workers assumed that the sodium 
gain reflects the neutral chloride concentra­
tion, the latter being a hypothetical mea­
sure of chloride ions secreted in excess of 
hydrogen ions. Experiments in this labora­
tory have shown that, if the intraluminal 
ionic changes are carefully recorded, the 
ionic values correspond to the theory of ion 
diffusion in all conditions. This hypothesis 
has been verified in innervated and denerv- 
ated gastric pouches, and following such 
stimuli as feeding, histamine, gastrin and 
insulin hypoglycemia.
Our results show that, in the denervated 
gastric pouches, induced ulcers increase 
the amount of sodium entering and the 
amount of hydrogen leaving the pouch. We 
concluded that no blood was entering the 
pouch because there was no marked in­
crease in potassium. An alternative explan­
ation is that the increased sodium was due 
to an increased loss of plasma or sodium 
chloride through the ulcer crater. If this
12 THE CANADIAN JOURNAL OF SURGERY Vol. 11
were true, the chloride gain by the pouches 
would have equalled the increased gain in 
sodium ions. This was not seen in any of 
the experiments. A hypothetical bicarbon­
ate secretion with the ionic content of 
plasma would only account for one-fifth of 
the hydrogen-ion loss. We believe that the 
apparent increase in sodium and loss of 
hydrogen ions was due to an ion-for-ion 
exchange through the ulcer. If the ulcer 
had produced a general mucosal change, 
the loss would have been greater than that 
observed under basal conditions and, after 
histamine stimulation, the marked increase 
in competence reflected in the decreased 
net gain of sodium ions would not 
have been seen. We concluded that the 
ulcer caused a small and localized decrease 
in the mucosal barrier to hydrogen ions (a 
loss of hydrochloric acid through the ulcer 
crater) and that the ability of the rest of 
the gastric mucosa to contain an acid solu­
tion was unaffected. This is not surprising 
because the granulating tissue in the base 
of the ulcer would not be expected to have 
the property of normal mucosa. Ulceration 
in innervated and denervated pouches does 
not produce a general impairment of the 
mucosal barrier, despite the gastritis ob­
served around ulcers in the innervated gas­
tric pouches. We may conclude from this 
that an ulcer, although it allows hydrogen 
ions to pass does not impair the acid-retain­
ing ability of the rest of the stomach. If 
these results can be applied to humans, the 
association between hyposecretion and gas­
tric ulceration alluded to by Davenport is 
not secondary to the ulcer but may be the 
primary defect.
If, through disease or inherent dysfunc­
tion, the entire mucosal barrier becomes 
deficient, the continued loss of hydrogen 
ions that results could lead to ulceration. 
The continued loss of hydrogen ions may 
also eventually result in a decreased parie­
tal-cell mass. In the meantime, much of the 
acid that is secreted will be reabsorbed in 
exchange for sodium and the stomach will, 
in effect, be secreting an isotonic solution 
of sodium chloride.
The loss of hydrogen ions through the 
ulcer raises other possibilities. The precise 
cause of the pain in neptic ulceration is un­
known. Intraluminal acid is responsible,
but how does it cause pain in a granulating 
ulcer crater that is devoid of nerve end­
ings? If sufficient hydrogen ions leave the 
stomach through the ulcer (as shown by 
our experiments), the seromuscular layers 
will be subjected to a continual acid tide, 
an inflammatory reaction will be produced 
in the serosa and a chemical peritonitis 
will result. At operation such a peritonitis 
is commonly observed as a peritoneal 
speckling and hyperemia overlying an ac­
tive peptic ulcer. The degree of chemical 
peritonitis will depend on the acid content 
of the stomach; if this is neutralized by 
intragastric food or alkali, the hydrogen- 
ion flux will be abolished and the pain will 
disappear. Similarly, acid collecting in the 
gastric lumen will initiate immediate acid 
loss and cause the typical periodic pain of 
ulcer.
Su m m a ry
The in situ sequential volume and ionic 
changes within resting, and histamine- 
stimulated, isolated gastric pouches were 
recorded using polyethylene glycol as a 
volume marker. The effect of induced ul­
ceration on the ionic changes within de­
nervated, and of spontaneous ulceration in 
the innervated pouches was observed.
Induced and spontaneous ulcers in the 
gastric pouches increased the loss of hydro­
gen ions, which are exchanged for sodium 
across the granulation tissue in the ulcer 
bases. These ions leave as hydrochloric 
acid and are replaced by sodium chloride. 
It is proposed that this abnormal acid flux 
results in a chemical peritonitis and is the 
cause of pain in peptic ulcers.
Ulceration in denervated and innervated 
pouches did not lead to a progressive gen­
eral impairment in the mucosal barrier to 
sodium and hydrogen ions. If gastric ulcers 
are associated with a deficient mucosal bar­
rier, the deficiency is not a result of the 
ulceration but mav be a primary etiological 
factor in their pathogenesis.
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R esum e
Les volumes successifs et les changements io- 
niques in situ au sein d’estomacs isoles, soit au re­
pos, soit stimules par l’histamine, ont ete enregis- 
tres, ou moyen de polyethylene glycol servant de 
repere volumetrique. Les auteurs ont note l’effet 
d’une ulceration artificielle sur 1’estomac innerve.
Les ulceres provoques et spontanes siegeant 
dans les sacs gastriques ont augmente la perte des 
ions d'hydrogene qui sont remplaces par du sodium 
a travels le tissu de granulation au niveau de la 
base de !  ulcere. Ces ions quittent sous form d’acide 
chlorhydrique et sont remplaces par du chlorure 
de sodium. Les auteurs estiment que ce courant 
d’acide anormal aboutit a une peritonite d’origine 
chimique et qu’elle est la cause de la douleur dans 
l’ulcere gastro-duodenal.
L ’ulceration existant dans les estomacs isoles 
dont l’innervation est intacte ou resequee n’a pas 
contribue a une alteration generale progressive de 
la barriere muqueuse aux ions sodium et hydro­
gene. Si les ulceres gastriques sont accompagnes 
d’une insuffisance de la barriere muqueuse, cette 
deficience n’est pas la consequence de l’ulceration, 
mais peut constituer un facteur etiologique pri- 
maire de leur pathogenie.
REG IO N A L C O L IT IS
This distinct disease entity has been referred 
to by many other terms such as colitis on the 
right side, enterocolitis, ileocolitis, and region­
al enteritis of the colon. The authors believe 
that regional colitis can be distinguished from 
ulcerative colitis by the history and the clini­
cal course and that biopsy usually provides a 
clear diagnosis. The mucosal changes of re­
gional colitis are less marked and less severe 
than in ulcerative colitis. The mucosa of the 
rectum may be entirely normal but there may 
be severe disease of the anal canal, and peri­
anal and complex perirectal fistulas common­
ly form. Rarely, an isolated ulcer may be seen 
and the typical mucosal change is patchy in­
volvement with areas of reddening and irregu­
larly elevated nodules between which the mu­
cosal surface appears normal. Biopsy of the 
raised islands of mucosa reveals characteristic 
changes with granuloma formation and these 
changes may also be seen in the perianal areas 
of involvement. Bloody diarrhea is unusual in 
regional colitis and diarrhea is usually less 
severe than that seen in ulcerative disease. 
Regional colitis tends to be more indolent, un­
relenting, and crippling but it is not as likely
to cause the death of a patient as is ulcerative 
colitis. Roentgenographic changes are said to 
be characteristic, with cobblestone formation 
and fingerprinting of the mucosa on barium 
contrast examination. All layers of the intestin­
al wall are thickened in a way similar to that 
seen in regional enteritis of the small intes­
tine.
Thirty-one patients with histologically 
proved regional colitis were reviewed. There 
were more men than women. In 40% the 
colon was involved and in the remainder both 
the colon and terminal parts of the ileum were 
diseased. The patients ranged in age from 10 
to 40 years, and approximately 60% had slowly 
healing or non-healing perianal lesions.
In this disease, particularly when it involves 
the colon only, surgical resection can be ex­
pected to produce excellent results. T he rec­
tum should be preserved if possible even if 
temporary ileostomy is required in order to 
treat severe perianal lesions. There seems to be 
little risk of development of rectal carcinom a in 
this disease and systemic com plications such 
as uveitis, arthritis, pyoderma, and hepatitis 
are extremely unusual.—Schaupp, W . C ., Gal­
lagher, D. M. and Scarborough, R. A.: Region­
al colitis, Dis. Colon R ectu m , 10: 6, 1967.
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PATHOLOGICAL AND CLINICAL ASPECTS OF DEGENERATIVE 
DISEASE OF THE KNEE
A. M. WILEY, M.B., M.Ch., F.R.C.S.[Eng. & C],“ Toronto, Ont.
T h e  operative management of joints affect­
ed by degenerative disease has been as­
sisted by knowledge gained through 
dissections of such joints in the aged, es­
pecially the hip, the spine, and more re­
cently the shoulder joint.1'4 Such studies, 
while they reveal pathological changes of 
a hitherto unsuspected distribution and ex­
tent, have the disadvantage that frequently 
the changes cannot be related to ante­
cedent symptoms. In the records of those 
who come to random postmortem dissec­
tion it is exceptional to find a detailed 
description of the individual’s joint symp­
toms or previously significant joint trauma. 
An interview with surviving relatives is 
rarely more informative.
In this paper, the term “degenerative 
joint disease” will be used in preference to 
any other to avoid diagnostic labels and 
the associated clinical implications.
While in certain joints long-standing de­
generative changes produce a characteristic 
deformity such as the varus flexed hip, the 
over-erect spine and the flexed thumb, the 
features of degenerative disease of the knee 
are less widely appreciated. The present 
study was undertaken to identify the char­
acteristic features in degenerative disease 
of the knee. It was based on two types of 
material: (1) human autopsy specimens, 
and (2) patients with proven degenerative 
knee disease referred for reconstructive 
joint surgery.
Au to psy  M a ter ia l
One hundred and fourteen knee joints 
were examined in male and female cadav­
ers. Right and left knees were dissected at 
random. Subjects with a history sugges­
tive of polyarthritis or infective arthritis in 
life were rejected. In the preliminary 
preparations, a line was drawn from the 
head of the femur to the midpoint between 
the malleoli on the dorsum of the ankle
“Department of Surgery and the Rheumatic Dis­
eases Unit, Toronto Western Hospital, Toronto, 
Ont. and the Department of Surgery, University of 
Toronto.
joint; this is die weight line (direktionsline 
of the German authors5). This line passes 
through the centre of the knee joint, devi­
ating less than 1 cm. in 87.5% of the sub­
jects examined by Ekholm.3 It must be 
noted that the anatomical axis of the femur 
forms an angle with the tibia of 175°, with 
the knee joint showing a slight tendency to 
valgus (Fig. 1). It would have been prefer­
able to draw the direktionsline with the 
subject upright, but this was impracticable 
in cadavers that had been refrigerated and 
in which rigor had eliminated much of 
the variation in joint position due to liga­
mentous laxity. In these cadavers, the 
patella was fixed with a K-wire to the low­
er end of the femur; the knee joint was 
excised and radiographed, and the joint 
surfaces dissected and photographed.
Fig. 1.—The weight line passes through the cen­
tre of the knee or deviates less than 1 cm. from 
the midline, medially or laterally, in 87.5% of 
subjects.
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A utopsy F indings
Postmortem changes in adult joints are 
commonly attributed to a “normal” ageing 
process, despite the fact that visible joint 
changes are extremely variable in ageing 
joints. Some cadavers may show no 
changes at all while others frequently have 
uniform degenerative changes. Factors 
such as weight and muscular development 
exert complex influences and, superim­
posed on these, are the effects of repeated, 
minor trauma. As a result, the interpreta­
tion of the changes encountered in autopsy 
specimens is extremely complex. In the 
knee joint, as expected, changes occur with 
advancing age. There are extensive de­
scriptions of autopsy material of this joint 
in the literature.6, 7 In making a fresh ap­
proach to this subject, I looked particularly 
for a characteristic disease pattern that 
would account for the various clinical man­
ifestations of the condition. I wanted to 
determine whether the line of weight bear­
ing was related to these changes, and 
sought to correlate the radiological changes 
and the pathology in these joints.
R esults
There was generally a poor correlation 
between the radiographs and the macro­
scopic changes on dissection. Except in 
specimens taken from young adults, the 
majority of joints had a well-delineated 
colour change on one or other, or both, 
condyles of the femur or tibia. On micro­
scopy, these areas showed cartilage atrophy 
and thinning, without any reactive process. 
Such areas were interpreted as showing 
“wear” or ageing (Fig. 2). It is emphasized 
that such changes do not resemble degen­
erative disease either in the gross appear­
ance or histology. They occurred most 
frequently at certain sites on the articular 
surfaces, in the following order: the infero- 
medial portion of the patella, the lateral 
tibial condyle, the patellar surface of the 
femur and the femoral condyles (Fig. 3).
Degenerative Joint Disease
In one-third of the specimens there was 
definite evidence of degenerative joint dis­
ease, namely, ulceration of cartilage, osteo­
phytosis and eburnation. These joints
Fig. 2.—Right knee joint showing changes of
wear.
showed a greater or lesser degree of a val­
gus deformity, the most marked changes 
being in the lateral side of the joint. These 
changes were not always related to the 
weight line, as marked on the undissected 
specimen, and it was assumed that they 
developed independently of it. The degen­
erative changes were most marked on the 
lateral tibial condyle beneath the posterior 
horn of the lateral meniscus. The relation­
ship of these condylar changes to the lat­
eral meniscus may have some etiological
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Fig. 3.—Sites of wear in the human knee in order of frequency.
significance because this area is covered 
by meniscus which, when intact, protects 
the underlying hyaline cartilage. At this 
point, the popliteus tendon passes close to 
the meniscus and separates it from a cap­
sular attachment. That the “screw home” 
mechanism of the knee may in some way 
influence this portion of the tibial condyle 
and the lateral meniscus, is suggested by 
the finding of a normal tibial condyle in a 
below-knee amputee. Following the lateral 
tibial condyle, degenerative lesions were 
seen with frequency in its vicinity, notably
Fig. 4.—Joint surface of the tibia showing the protective function of intact menisci.
Fig. 5.—Cadaver photograph showing a valgus, flexion deformity of degenerative disease.
along the tibial eminence and the adjacent 
surface of the femoral intercondylar notch, 
the lateral facet of the patella and, in the 
absence of any internal derangement, much 
less noticeably on the medial side of the 
joint. In the presence of slight or moderate 
disease, the femoral condyles were un­
affected. The outline and protective func­
tion of overlying intact menisci were clear­
ly defined (Fig. 4). Specimens showing the 
most advanced disease appeared to have “subsided” laterally into a familiar deform­
ity of valgus and flexion (Fig. 5).
Osteophytosis
Osteophytosis was related to the sever­ity of the process, the largest and most 
profuse outgrowths being at the margin of the more extensive lesions. Thus, in the usual form of lateral joint collapse, the 
major osteophytes were found along the
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Fig. 6.—Medial femoral condyle showing inden­tation of osteophytes by the medial collateral lig­ament.
lateral side of the joint, being more ob­
vious on the edge of the overlying femor­
al condyle (Fig. 6), but were also notice­
able along the edge of the affected tibia] 
condyle. Some dissection of the capsule was 
required to illustrate the tibial osteophy­
tosis and, at first glance, the femoral osteo­
phytes were more obvious than the tibial. 
In advanced degenerative joint disease, and 
possibly due to an overall hypervascularity, 
both sides of the joint showed marginal 
osteophytosis, as did the patellofemoral ar­
ticulation. At the femoral margin, the col­
lateral ligament produced an indentation in 
the osteophytic line, which limited the full 
excursion of the ligament in full flexion and extension. Again, in specimens show­
ing more advanced disease, this was noted on both sides of the joint (Fig. 7).
Joint Collapse
As used here, this term denotes the sub­
sidence of one or other compartment of a 
joint that showed advanced degeneration.
Fig. 7.—Degenerative disease of the knee.
As a result of this collapse joint surfaces, 
normally separate, impinged and produced 
pathological changes. Thus, the intercon­
dylar notch was sometimes “ulcerated” by 
the tibial spine (a similar lesion has been 
described by Smillie8), and the patellar 
mechanism showed malalignment, with wear of its lateral facet. Eventually, the 
upper surface of the tibia was broadened, 
indented and laterally depressed; this 
amply explained restriction of joint move­
ment (Fig. 7). Furthermore, microscopic sections of the posterolateral joint capsule 
and the cruciate ligaments in knees show­
ing “joint collapse” showed no significant 
scarring, collagenous abnormality or more than slight cellular infiltration. There is 
little doubt that, in established degenera­
tive disease in the knee, the deformity is the result of bony, not soft-tissue, changes.
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Fig. 8.—Interior of the right knee joint of a male 
cadaver. There is an old tear of the medial men­
iscus. The lateral meniscus is still intact.
Internal Derangement of the Knee
At exploration, 9 of the 114 cadavers had 
an obvious derangement of a knee joint. 
Four had a torn medial meniscus, one had 
a torn lateral meniscus, one had a pedunc­
ulated loose body, and another had osteo­
chondritis dissecans of the patella. One had 
had a meniscectomy and, in one, a rup­
tured anterior cruciate ligament lay across 
the joint. Dissection of these joints and 
certain others in individuals with suspect 
internal derangement, particularly in male 
cadavers, showed more local degenerative 
lesions. These lesions were of various de­
grees of severity; in the more severely 
affected joints, there was once again local 
joint collapse and local osteophytosis. In 
medial meniscus injuries, the joint had col­
lapsed on the medial side, producing a 
varus deformity of the knee, the reverse 
to that encountered in most other speci­
mens (Fig. 8). Usually, the local changes 
associated with meniscus injuries were not 
severe. In two cadavers, one with achon­
droplasia and one with Paget’s disease, 
there were obvious long-standing deformi­
ties of the femur and tibia. The pathologi­
cal changes in the knee joints, however,
suggested that such deformities had little, 
if any, effect on the development of spe­
cific degenerative changes. These two cases 
and evidence from the earlier studies in­
dicate that the intact knee joint is unlikely 
to undergo obvious degeneration. Intra- 
articular changes appear to be associated 
with some internal derangement, which 
may not be immediately obvious.
Patellofemoral Degenerative Disease
In these knee joints, there was evidence 
that distortion of the main joint altered the 
alignment of the patellofemoral joint, al­
though this change was not striking and 
would probably not have a significant 
effect if the capsule was intact and the 
quadriceps mechanism efficient. Thus, when 
the deformity was valgus, the lateral patel­
lar facet and femoral condyle showed mac­
roscopic, “kissing” degenerative changes, 
although these may have been secondary 
to hyperemia and a reaction to the adja­
cent established disease (Fig. 7). Although 
some specimens showed patellofemoral de­
generative disease alone, it was more com­
mon to see changes at this interface sec­
ondary to tibiofemoral disease that was due 
to underlying femoral involvement and 
some loss of joint alignment. In no speci­
men was there evidence of the spread of 
patellofemoral disease to involve the rest 
of the joint (Fig. 9). While there were many 
examples of patellofemoral degenerative 
disease alone, no knee joints were seen in
Fig. 9.—Gross degenerative disease of the patel­
lar surface of the femur without involvement of 
the remainder of the joint.
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which these surfaces were healthy in the 
presence of tibial and femoral changes. In 
medial joint collapse, there was no instance 
of impingement of the medial condyle on 
the medial patellar facet. Because the pa­
tella had been fixed before dissection and 
radiography, it was possible to study the 
influence of patellar level on underlying 
gross patellofemoral degenerative changes. 
This level is subject to considerable varia­
tion because of difference in patellar shape, 
the length of the patellar ligament and the 
patient’s age.
In the more exact radiological calcula­
tion of patellar height it is usual to em­
ploy lateral radiographs of the knee taken 
at a predetermined amount of knee flex­
ion.9i 10 (High patellae are seen in such 
conditions as recurrent dislocation of the 
patella, chondromalacia of the patella, 
cerebral palsy, following operation and in­
juries, and certain rare syndromes. Normal 
values of patellar position may be found in 
a standard atlas of skeletal development.)
In these specimens, no precise relation­
ship was noted between the height of the 
patella and the underlying patellofemoral 
changes.
Clinical Review
In all patients with degenerative disease 
of the knee referred for consideration of 
reconstructive surgery, symptoms sugges­
tive of rheumatoid disease were sought. 
Agglutination tests were performed. All 
rheumatoid suspects were excluded. The 
remaining 30 patients, all 35 years of age 
or over, were the subject of the present 
investigation. Radiographs were made in 
the standing position and 36-inch films 
were used. Routine radiographs of both 
knees were always taken, and when an in­
ternal derangement was suspected, arthro- 
grams were performed with sodium diazo- 
trizoate. These 36-inch radiographic studies 
frequently indicated collapse of one or both 
knee-joint compartments, which was un­
suspected on routine views of the knee. An 
obvious deformity, either valgus or varus,
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T A B L E  I .— D a t a  f r o m  12 P a t ie n t s  O p e r a t e d  o n  f o r  
R e c o n s t r u c t io n  o f  t h e  D e g e n e r a t e  K n e e  J o i n t 11
Patient Age Side Deformity Pathological findings
M rs. S .B . 76 R Valgus Old injury to lateral 
tib ial condyle. Osteo­
arthritis (osteoar­
thritis ipsilateral hip)
Miss J .T . 58 R Valgus No obvious injury. 
O steoarthritis
M r. J .L . 27 L Valgus Damage from pre­
vious lateral meni­
scectomy. Osteo­
arthritis
M rs. E .D . 73 L Valgus Osteoarthritis. Probably “burned- 
ou t” rheumatoid 
arthritis
M rs. R . M cl. 64 L Varus O steoarthritis. 
Neglected media) 
meniscus tear
M r. U.S. 62 R Varus O steoarthritis. 
Neglected medial 
meniscus tear
M r. D.H . 43 L Varus Osteoarthritis. Old 
medial collateral and 
cruciate ligament 
injury
M iss J .C . 72 R Varus Osteoarthritis. Prob­
able old medial 
meniscus injury
M rs. H .M . 51 R Valgus Mild osteoarthritis: 
no obvious injury but 
had osteoarthritis of 
ipsilateral hip and 
satisfactory 
M cM urrav osteo­
tomy
M r. J .B . 64 L Varus Osteoarthritis. Old fracture media) 
femoral condyle
M r. C .B . 69 R Valgus Osteoarthritis. Old fracture lateral tibial 
condyle
M iss CJ.R. 66 R Valgus Osteoarthritis. Old 
tear lateral meniscus
was frequently present in these patients on 
standing, and when marked was compli­
cated by a flexion deformity. The deformi­
ties seemed to be fixed (Fig. 10). They could 
not be corrected passively.
All of the patients complained of one or 
several of the following symptoms: pain, 
swelling, stiffness, deformity, locking or 
giving-way. Those with changes in the 
patellofemoral joint regularly complained 
of pain when descending stairs. Those with 
a secondary popliteal cyst or bursa had 
pain along the “shin bone”. A small, un­
suspected popliteal cyst or bursa was fre­
quently seen on the arthogram if the joint 
was not compressed during the injections. 
All of these symptoms could be readilv at­
tributed to changes within the knee joint 
itself.
Twelve patients, five men and seven
Fig. 11.—Valgus osteoarthritic knee.
women, were later subjected to operation 
and the data derived from clinical exami­
nation were then supplemented by direct 
examination of the interior of the joints. 
The data from these patients are shown in 
Table I. These patients were the subject 
of a separate communication11 describing 
operative technique alone, before comple­
tion of the pathological investigation. Three 
of the 12 could remember no injury. Of the 
nine who recalled an injury, five had an 
obvious varus deformity and the other four 
had a valgus deformity (Fig. 11). Severe 
degenerative disease was accompanied by 
some degree of flexion unless the cruciate 
ligaments were attenuated or ruptured. The 
findings at operation confirmed the well- 
known association between long-standing 
meniscus tears and adjacent osteoarthritis. 
Conversely, the protective role of the in­
tact menisci was readily apparent. How­
ever, in some patients who had a valgus
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deformity, no obvious cause was found for 
associated lesions that were found well 
back on the lateral tibial condyle. Degen­
erative changes were most frequent and 
extensive on the tibia and the adjacent 
femur. During operative correction, estab­
lished deformities, especially flexion, could 
not be corrected without excising osteo­
phytes, widening the intercondylar notch 
and performing a tibial osteotomy.
D iscussion
While the presence of a characteristic 
gait or deformity may enable the experi­
enced observer to confirm a diagnosis of 
degenerative disease within the hip, simi­
lar clinical features are less widely recog­
nized when the disease affects the knee. 
Under these circumstances, a combination 
of mechanical factors, principally the angle 
at which the femur meets the tibia and the 
influence of the hamstrings, appear to make 
the joint subside into valgus with some 
flexion. Such a deformity will be less ap­
parent if the hip joint on the same side is 
also deformed. It is for this reason that, in 
some patients, degenerative disease of the 
knee becomes apparent only after surgical 
realignment of the hip. Neither in child­
hood valgus or varus knee deformity, nor in 
lower-limb deformity due to acquired bony 
disease, is there any convincing evidence 
that the knee joint degenerates as ageing 
progresses. Under the circumstances, joint 
trauma or joint disease remains an import­
ant etiological agent in the development of 
degenerative knee disease. Further support 
for this concept is provided by the obser­
vation that knees affected by rheumatoid 
disease commonly develop a valgus and 
flexion deformity.
The existence of a varus type of degen­
erate knee is, however, undeniable. The 
knees of ex-athletes, labourers, those with 
considerable muscular development and 
those with an arduous occupation will 
sometimes present with symptoms and an 
acquired flexion and varus angulation. 
Such patients will often have a history of 
recurrent tauma, and arthography may 
demonstrate medial meniscus shredding or 
degeneration, which may merely represent 
the late appearance of a traumatic menis­
cus lesion. In this form of degenerate dis­
ease, and in the more common valgus form 
where the patient may recall no precise 
traumatic episode, the onset of the deform­
ity is insidious and its discovery is a sur­
prise to the patient. This is particularly 
true in women in whom pride in correct 
leg alignment appears to persist well into 
old age. Knee deformity associated with 
degenerative disease, and the proper radio­
logical determination of such deformity is, 
of course, determined only in the erect 
weight-bearing position. The radiological 
techniques used in the examination of the 
knees of the standing patient are difficult 
to apply, particularly when flexion exists. 
Furthermore, the positioning of the feet 
may influence the radiographic appear­
ance. The use of 36-inch radiographs re­
solves some of the problems. In addition, 
routine views of the knee taken when the 
patient stands on one leg and then on the 
other may be valuable although, with this 
technique, the weight-bearing line will un­
dergo abnormal shift. Further study of 
such methods is obviously required.
Doubt still exists about the exact etiology 
of the lateral joint changes that appear 
early in the valgus osteoarthritic knee. Is 
this an effect of abnormal mobility in the 
lateral meniscus, or a legacy from some 
long-forgotten strain?
Finally, in dealing with each patient, a 
consideration of the joint changes and the 
deformity associated with the degenerative 
knee joint and an analysis of symptoms 
should provide a guide to the extent of 
operative treatment required. When an at­
tempt is made to reconstruct the degener­
ate knee joint, joint debridement alone may 
be inadequate. Realignment is often neces­
sary and, unless total joint replacement is 
considered, a combination of these ap­
proaches is often desirable.
S u m m a r y
Dissection of autopsy specimens indi­
cates that degenerative disease of the knee 
joint affects primarily the lateral compart­
ment of the joint, and produces a progres­
sive valgus and flexion deformity. The tib­
ial surfaces are involved earlier than the 
femoral. Specimens showing the reverse de-
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formity, i.e. varus, usually have an un­
treated rupture of the medial meniscus or 
a similar internal derangement. In life, 
these two deformities are often recogniz­
able on clinical examination. In the study 
reported here, a composite clinical, radio­
logical, and pathological picture of the 
condition has been constructed. The find­
ings support the belief that the operative 
management of degenerative disease of the 
knee requires excision of the diseased intra- 
articular tissue and correction of the ac­
quired deformity.
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ARTICULAR CARTILAGE
The hyaline cartilage which covers the ar­
ticular surfaces is the most highly differenti­
ated  type of cartilage tissue. Functionally, 
there is an interm ingled arch type of architec­
ture w hich gives the tissue an elastic property. 
Because of this, it can adapt to the changes of 
pressure and give the necessary friction for the 
m ovem ent of the joint. Collagen represents 
56% of the total hyaline cartilage mass and is 
of the same m olecular structure as tha t of con­
nective tissue. The balance (44%) of the mass 
is m ade up of chondromucoproteins.
The proteins linked with the m ucopolysac­
charides are detected  through immunochemi­
cal m ethods, using specific antigen and anti­
body reactions coupled w ith  fluorescent iso­
thiocyanate. The two mucopolysaccharides are 
not evenly distributed and localized in their 
characteristic place. The cytoplasm of the 
chondrocytes elaborates a lipid. T here is no 
direct blood supply; nourishment by  diffusion 
is described bu t the routes are still not clear.
6. Be n n e t t , G. A., W a in e , H. a n d  Ba u er , W.:Changes in the knee joint at various ages; with particular reference to the nature and development of degenerative joint disease, Commonwealth Fund, Division of Publi­cations, New York, 1942.
7. P arker, F., Jr. et al.: Histologic changes inthe knee joint with advancing age; relation to degenerative arthritis, Arch. Path. (Chi­cago), 17 : 516, 1934.
8. S m il l ie , I. S .: Injuries of the knee joint, 2nded., E. & S. Livingstone Ltd., Edinburgh, 1951.
9. B lu m en sa a t , C.: Die Lageabweichungen undVerrenkungen der Kniescheibe, Ergehn. Chir. Orthop., 31 : 149, 1938.
10. Boon-Itt, S. B.: The normal position of thepatella, Amer. J. Roentgen., 24: 389, 1930.
11. W iley , A. M.: Reconstruction of the osteo-arthritic knee by high tibial osteotomy and joint clearance, Canad. J. Surg., 10 : 28, 1967.
Resu m e
L’examen de genoux de cadavres d’hommes adultes, puis celui de malades vivants a mene l’auteur a la conclusion que la maladie degenera­tive de l’articulation du genou se presente sous la forme caracteristique d’une difformite en val­gus et en flexion de 1’articulation. II arrive parfois et notamment dans les lesions post-traumatiques que la difformite soit en varus. Quel que soit le type de difformite. s’etablit un cercle vicieux et la modification de la base de sustentation ne fait que 1’aggraver. Ce principe tendrait a confirmer le bien-fonde de la fh&se voulant que la chirurgie re­constructive devrait associer le debridement a une osteotomie tibiale haute.
Ageing of cartilage occurs in the second or 
third  decade of life with increase of collagen 
and modification of the mucopolysaccharides. 
Degenerative changes precede the actual joint 
lesion and affect the most active joints. Pro­
teolytic enzymes responsible for this process 
are mentioned, particularly lysosomes, which 
can elaborate any enzymes of the acid-hydto- 
lase group. Certain conditions can alter or 
rupture the lysosome membrane, thus liberat­
ing the enzyme and provoking degenerative 
changes of the cartilage. Hydrocortisone or 
chloroquine inhibits or reduces the break­
down by stabilizing the lysosome membrane. 
Vitamin A and certain hormones such as pro­
gesterone, testosterone and desoxycorticoster- 
one make these more fragile. Salicylate action, 
as we recognize it, m ay be the stabilizing in­
fluence on the lysosome system.—Rubens- 
Duval, A.: Le cartilage articulaire; problemes 
d ’histophysiologie et de physiopathologie, Sent. 
Hop. Paris, 43: 311, 1967.
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SUBMUCOSAL LIPOMAS OF THE LARGE BOW EL”
D. B. SAHAI, M.D., J. D. PALMER, M.D., F.R.C.S.[C], F.A.C.S. and 
L. G. HAMPSON, M.D., F.R.C.S.[C], F.A.C.S., Montreal, Que.
S u bm u co sa l  lipomas of the colon are un­
common tumours. Despite a considerable 
literature on this subject,1'8 the lesions are 
infrequently seen by the practising 
surgeon. Long, Dockerty and Waugh8 
found 33 such cases in a survey of more 
than 1,400,000 patients and 125,000 abdom­
inal explorations. In an autopsy study, Long 
found 69 lipomas of the colon in 13,000 
consecutive necropsies—an incidence of 
0.5%.
We have reviewed the records at the 
Montreal General Hospital and the Royal 
Victoria Hospital, Montreal for the 10-year 
period from January 1955 to January 1965, 
and were able to find 16 submucosal lip­
omas of the colon. This material forms the 
basis of the present report.
C lin ic a l  M a ter ia l
Of the 16 patients described in this study, 
10 were operated upon primarily because 
of the lipoma, and these lesions will subse­
quently be referred to as “primary” lip­
omas. The discovery of the remaining 
lesions was incidental and they were re­
moved during the treatment of other con­
ditions.
A ge and S ex  I ncidence
The distribution of these tumours be­
tween the sexes was equal. While patients 
ranged in age between 37 and 84 years, 
those with primary lipomas were younger.
L ocation
Of the 16 lesions, four were in the ce­
cum, three in the ascending colon, one in 
the hepatic flexure, two in the transverse 
colon, one in the descending colon, four in 
the sigmoid colon, and one in the rectum 
(Fig. 1). The smallest lesion was 1.6 x 0.9 
cm. and the largest, 9 x 5 x 5  cm.
“From the Departments of Surgery, The Montreal 
General and Royal Victoria Hospitals, Montreal, 
Que.
C lin ic a l  F eatures
Abdominal pain was the most common 
symptom and was present in 7 of the 10 
primary cases. It usually took the form of 
crampy, abdominal discomfort which was 
frequently relieved by a bowel movement. 
The history was often long and, in this 
way, the symptoms might be distinguished 
from those due to bowel malignancy. One- 
half of the patients had constipation and 
one-half had diarrhea. A combination of 
these two symptoms suggested some de­
gree of bowel obstruction. Bleeding from 
the bowel, although not massive in any 
patient, brought three patients to the hos­
pital. Five of the 10 patients had local 
abdominal tenderness and, in three, this 
was in the area of the colon lesion. One 
patient had tenderness in the right lower 
quadrant due to distension of the cecum 
secondary to an obstructing lipoma in the 
hepatic flexure. One typical example of
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intermittent, spontaneously reducing intus­
susception was found. This patient will be 
discussed subsequently. Only 2 of the 10 
primary lipomas were asymptomatic, the lesions being discovered during barium 
enema examinations.
Radiographic Studies
On barium enema examination, lipomas 
of the colon may be recognized as intra­
luminal, radiolucent filling defects. The 
margins are usually smooth, but lobulations 
may be seen. Double-contrast radiographic 
studies may give additional information 
about the lesion. The lesion can usually be 
differentiated from a malignancy, which usually encircles the bowel, and from 
adenomatous growths which often have a 
verruciform margin on compression spot 
films. The differentiation between leiomy­
omas and lipomas on barium studies may be very difficult. Because of the rarity of 
these lesions, a correct preoperative diag­
nosis is uncommon. A definitive diagnosis 
was made only once in these 10 patients. In 
one other patient, a lipoma was suspected 
on radiological grounds following barium 
enema examination (Table I).
TABLE I.— R adiological  D iagnosis  of P a tien ts  
w it h  P rim ary  L ipo m a s  of t h e  L arge  B o w el
Number of
Diagnosis patients
Polyp...........................................................  7Intussusception “due to lipoma” .............. 1Filling defect..............................................  2Filling defect with obstruction................ 1
T reatment
The treatment of choice for submucous 
lipoma of the colon is excision by enuclea­
tion. Unless the surgeon is aware of this 
lesion, needless radical surgery may be 
performed. Lipomas are usually smooth, 
soft, rather mobile, submucosal swellings that do not involve the muscular layers of 
the bowel. When the true nature of this type of bowel lesion is in doubt, direct in­spection through a colotomy is mandatory and will usually establish the diagnosis. Of 
the 10 primary lipomas reviewed, nine were inspected through a colotomy incision 
and the diagnosis was established in each 
without biopsy. In eight of the nine, enu-
Fig 2.—Barium enema examination. The lesion in the cecum is seen as a smooth, oval mass.
Fig. 3.—Radiograph of the ascending colon il­lustrating intussusception.
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cleation was performed, in the other, a local 
resection was done after the bow el was 
damaged during cauterization. In the tenth 
patient, hem icolectom y was perform ed 
after a large cecal tumour had been pal­
pated. On opening the cecum following 
resection, a large, submucous lipoma—9 x 
5 x 5  cm., the largest of this group—was 
found. In retrospect, we believe that, if 
transcolonic inspection had been done b e ­
fore the decision had been made to resect, 
local enucleation would have been carried 
out.
C a se R epo r t
J.G., a 61-year-old, white physician, was in 
good health until 10 days before admission to 
the Montreal General Hospital, when he noted 
a sudden onset of crampy, intermittent, light 
para-umbilical abdominal pain, which was as­
sociated with a sensation of abdominal bloat­
ing. He had a few loose stools that were of 
normal colour. He had no nausea or vomiting. 
He had recurrent symptoms of this nature for 
three days, after which the intensity and fre­
quency of these episodes became less. The 
functional enquiry was otherwise negative and 
physical examination was unrevealing. A bari­
um enema revealed a 6.5 x 6 cm. smooth, 
radiolucent filling defect in the cecum which 
was producing intussusception (Figs. 2 and 3). 
A diagnosis of intermittent intussusception due 
to lipoma of the cecum was made. Following 
bowel preparation, laparotomy was performed. 
A smooth, circumscribed mass was palpable 
and there was no evidence of intussusception. 
Cecotomy revealed a submucous lipoma aris­
ing from the posterior wall of the cecum just 
superior to the ileocecal valve (Fig. 4 ) .  The 
overlying mucosa was intact. The tumour and 
a portion of overlying mucosa were enucleated 
without difficulty and the bowel closed (Fig. 
5). Pathological examination confirmed the 
diagnosis of submucous lipoma of the cecum. 
The postoperative course was uneventful.
D iscussion
Submucosal lipomas of the colon are 
benign submucosal lesions that may give 
rise to symptoms by interm ittent obstruc­
tion of the bowel or by ulceration of the 
overlying mucosa with bleeding. Mayo, 
Pagtalunan and Brown5 observed that only 
lesions greater than 2 cm. produced symp­
toms. Lipomas are most common in older 
persons and, for this reason, may be con-
Fig. 4.—Lipoma prolapsed through cecotomy 
wound.
Fig. 5.—Lipoma after removal by enucleation. 
The mucosa covering the intraluminal area is well 
seen.
fused with malignant bowel lesions. C om ­
fort1 reported that 2 0 %  of primary lipomas 
were asymptomatic. Tw o of the 10 patients 
in this series had no symptoms. Intussus­
ception is the commonest com plication of
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these lesions. Lazarus and Marks0 found 
intussusception in 45%  of reported cases. 
One patient with typical intermittent, spon­
taneously reducing intussusception is de­
scribed here. From their histories, two 
other patients in this series were believed 
to have had intussusception.
Although correct preoperative diagnosis 
has been uncommon in the past, an aware­
ness of this lesion should improve diagnos­
tic accuracy. If the lesion is suspected be­
fore operation, the surgeon should not pro­
ceed with radical resection before adequate 
inspection, preferably through a colotomy 
incision. The treatment of choice is col­
otomy and enucleation.
Su m m a r y
The authors have reviewed 16 patients 
with lipoma of the large bowel, seen dur­
ing a 10-year period at the Montreal Gen­
eral and Royal Victoria Hospitals, Mont­
real. While these tumours are uncommon, 
they should be considered in the differen­
tial diagnosis of bowel lesions before and 
during operation. In this way, needless 
radical surgery may be avoided.
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Resum e
Les auteurs etudient les lipomes du gros intes- 
tin. Sur les 16 malades observes, le diagnostic 
primaire de lipome a ete pose dans 10 cas. Les 
symptdmes les plus courants consistaient en con­
stipation, diarrhee, coliques abdominales intermit- 
tentes et hemorragie. La complication la plus fre- 
quente est une invagination intermittente; les au­
teurs en presentent un cas a titre d’illustration. 
Bien que l’image radiographique puisse etre par- 
faitement classique, on pose rarement un diagnos­
tic exact avant l’operation. Le traitement ideal est 
l’enucleation du lipome, la colotomie pouvant etre 
necessaire pour pouvoir poser un diagnostic pre­
cis pendant l’operation.
PA N C REA TIC PSEU D O C Y STS 
This is an analysis of the relationship be­
tween the time of treatment of the pancreatic 
pseudocyst and of the morbidity and mortal­
ity rates associated with this treatment. The 
authors reviewed 16 patients treated for pseud­
ocysts. There was an overall mortality rate 
of 25%  and significant complications occurred 
in 50%  of the patients. Bleeding, intestinal 
and pancreatic fistulas, wound and anastomot­
ic dehiscences, and renal failure were some of 
the common complications. Those patients 
treated within six weeks of the onset of the 
cyst bad a mortality rate of 60%, while those 
treated after six weeks had a mortality rate 
of 9%. Significant complications occurred in 
80%  of patients treated within six weeks as 
compared to 36%  in those treated after six 
weeks.
No exact figures were available for the 
complication rate of an untreated pseudocyst. 
However, it is suggested by some investigators 
that the mortality and morbidity rates from 
operation exceeded those encountered in the 
natural course of the disease. In this series 
there were three deaths among those treated 
within six weeks of onset of the cyst, which 
were associated with massive postoperative 
bleeding. The authors recommend that surgi­
cal intervention should be delayed beyond the 
commonly recommended period of two to 
three weeks after onset of the cyst. I f  an early 
operation is necessary because of progressive 
signs or symptoms, they recommend some type 
of simple external drainage.—Cerilli, J. and 
Paris, T. D.: Pancreatic pseudocysts; delayed 
versus immediate treatment, Surgery, 61: 541, 
1967.
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AN X-RAY MICROSCOPE STUDY OF MYOCARDIAL 
REVASCULARIZATION “
C. EDWIN KINLEY, M.D., M.Sc., F.R.C.S.[C], F.A.C.S.f and 
R. L. de C. H. SAUNDERS, M.D., F .R .S.(Edin.),t Halifax, N.S.
T h e  purpose of this paper is to describe 
briefly the technique of x-ray microscopy, 
and to present the early results of a study 
carried out to assess myocardial revascular­
ization following the Vineberg operation.
Introduction to X -ray M icroscopy
The coronary microcirculation may be 
studied either by contact microradiography 
or projection x-ray microscopy. In the for­
mer, the simplest method of studying fine 
vascular detail in the heart with x-rays, 
the contrast-injected specimen is placed al­
most in contact with a fine-grain photo­
graphic plate, at some distance from a 
fine-focus x-ray tube. A one-to-one image 
is obtained which can be examined under 
an optical microscope or enlarged photo­
graphically. In definition, the ultimate reso­
lution is about 1 ix at a useful magnifica­
tion of x 300. However, this is limited both 
by the grain size of the recording emulsion 
and the resolving power of the optical 
microscope. Despite these limitations, con­
tact microradiography provides highly de­
tailed microangiograms, and a useful “over­
all” view of a microcirculatory bed, in 
which arterioles, capillaries and venules 
can be readily distinguished.
In projection x-ray microscopy, an x-ray 
point source, routinely about 0.5 to 1 «  in 
size, is used to cast an enlarged image of 
a nearby object on to a distant screen or 
photographic plate. Apart from providing 
primary x-ray magnification and sharper 
definition of all vessels, the Cosslett-Nixon 
x-ray projection microscope1 has great
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Dalhousie University, Halifax, N.S. 
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depth of field, consequently all blood ves­
sels remain in focus and their volume pat­
tern can be recorded stereographically. The 
x-ray target forms the end wall of the mic­
roscope tube, so that the specimen can be 
placed directly over the point source, fa­
cilitating selection of a vascular field and 
experimental manipulation. Variation of 
the target-object and target-plate distances 
alters the magnification and size of the 
vascular field. Detailed projection micro­
angiograms can be obtained with standard 
lantern-slide plates.
The techniques of x-ray microscopy2' 3 
offer a new and promising approach to the 
study of the small blood vessels of the 
heart because, on a single plate, vessels of 
major calibre can often be traced dimin­
uendo to capillary level. Hence, by using 
both contact and projection x-ray micro­
scopy, the distribution of vessels within 
large or small cardiac territories can be 
analyzed, and the cardiac microvascular 
patterns determined under near-normal, 
pathological or experimental conditions.
M yocardial Revascularization
In recent years much attention has been 
directed to finding ways to improve the 
blood supply of the chronically ischemic 
myocardium. Currently, two surgical pro­
cedures seem beneficial in this regard. 
The first, direct arterial reconstruction, is 
feasible in only a small number of pa­
tients.4, 5 The second, the implantation of 
a bleeding artery into a myocardial tun­
nel, was described by Vineberg 20 years 
ago.8 Despite the simplicity and sound rea­
soning behind the Vineberg operation, its 
application to humans has been slow.
In most treatments of ischemic heart 
disease, it is difficult to assess results. In 
the past, reliance has usually been placed 
on subjective improvement in the patient 
but, more recently, direct visualization of 
the coronary circulation by arteriography 
has provided an objective assessment.7 9
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However, the state of the microcirculation 
is not well shown by standard radiograph­
ic methods. Good visualization of the mic­
rocirculation is provided by x-ray micro­
scopy.
Experimental M ethod
We used x-ray microscope techniques to 
study the results of the Vineberg operation 
in experimental animals. Nine mongrel 
dogs were subjected to left thoracotomy. 
The left internal mammary artery was 
mobilized from its origin to the sixth in­
tercostal space, where it was divided. The 
freed portion of the artery was led through 
a myocardial tunnel in the anterolateral 
surface of the left ventricle. In the tunnel, 
the end of the artery and any side branches 
were left open. The chest was then closed. 
Six or more weeks later repeat thoraco­
tomies were performed. The internal mam­
mary implant was exposed in its extracar­
diac portion and transected several centi­
metres from the tunnel entrance. After 
demonstrating patency and back-bleeding, 
the distal end was cannulated with poly­
ethylene tubing and injected with a mix­
ture of 25% Micropaque0 and 2% gelatin. 
Injection was done with a hand syringe 
and the injection mass was preheated to 
body temperature. The volume of the in­
jection varied from 4 to 10 ml. per animal. 
A side arm on the injection line was led to 
an aneroid manometer, and the maximum 
pressure of injection did not exceed 150 
mm. Hg. The adjacent branches of the 
coronary circulation filled immediately. 
Anoxic cardiac arrest was then induced, 
the injection terminated, and the animals 
sacrificed. The intact hearts were removed 
and refrigerated at 4° C. to harden the 
injection mass.
The next day, the hearts were cut so that 
the ventricle walls could be laid flat for 
contact microradiography. Transverse sec­
tions of the area supplied by the implant 
were also prepared for contact microradi­
ography, and certain fields were selected 
for projection x-ray microscopy.
“Micropaque is a barium sulfate compound, sup­
plied by Damancy and Co. Ltd., 225 Bath Road, 
Slough, Bucks., England.
Results
All of the implant arteries were open at 
the time of repeat thoracotomy, although a 
varying degree of arterial narrowing had 
occurred. Histological study showed this 
narrowing to be the result of intimal thick­
ening with sclerosis. Injection of contrast 
medium in the intact animal caused filling 
of adjacent superficial branches of the cor­
onary circulation. When contact micro­
radiographs were taken, the low-power 
view generally showed a pear-shaped area 
of maximum myocardial filling (Fig. 1). 
The adjacent pericardium also showed 
micro vascular filling (Fig. 2).
Fig. 3 shows the microcirculation of a 
papillary muscle, filled by injection of an 
internal mammary implant. The outlines of 
avascular chordae can be seen. An open 
side branch of another implanted artery is 
shown in Fig. 4, together with filling of the 
smallest myocardial vessels. Fig. 5 shows 
an implant in its myocardial tunnel with 
several functioning side branches.
A cross-section of the myocardium of left 
ventricle is shown in Fig. 6. The implant 
artery is seen near the epicardial surface. 
The endocardial surface is seen below. 
Filling has occurred through the full thick­
ness of the left ventricle wall. The oval 
area at the upper left is an organized 
subepicardial hematoma, fed by a branch 
from the implant artery.
A cross-section of another specimen is 
shown in Fig. 7. The injection has again 
filled the entire thickness of the left ven­
tricle, from epicardium (above) to endo­
cardium (below). The lateral limits of fill­
ing are seen at either end of the specimen. 
This filling is distal to where the implant 
artery itself is still visible. Fig. 8 is a 
higher-power view of the same specimen; 
the smallest vessels visible are of capillary 
size.
D iscussion
The development of methods to revas­
cularize the heart over the past 30 years 
has been reviewed by Vineberg.10 The ad­
vent of coronary angiography, especially 
as perfected by Sones and Shirey,11 has 
been a further stimulus to surgeons. At
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Fig. 1.—Internal mammary artery in the myocardial tunnel, eight weeks after implantation. 
Note the ramifications. (Original magnification x 5)
Fig. 2.—Injected internal mammary artery eight weeks after implantation. The injection cannula 
is at the upper right. The opaque area at the upper left is Micropaque-filled myocardium. The peri­
cardial microcirculation is in the lower one-half of the picture. (Original magnification x 7)
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Fig. 3.—The microcirculation of a papillary muscle, filled by injection of the internal mam­
mary implant. Avascular chordae radiate upwards. (Original magnification x 9)
present, very few patients with myocardial 
ischemia can be helped through direct 
coronary artery reconstruction. Therefore, 
attempts to increase the myocardial blood 
flow by other means have assumed great 
importance. Of these, the Vineberg opera­
tion seems the most promising at present.
Those with the greatest clinical experi­
ence in internal mammary implantation 
have demonstrated the patency of the im­
plant by standard arteriographic meth­
ods.7 9 However, many doubt that the
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grossly patent implant artery is, in fact, 
perfusing the myc cardial microcirculation. 
The present study was undertaken with 
this doubt in mind.
In these dogs, the only operation per­
formed was internal mammary implant,
without epicardial abrasion or other pro­
cedure. Ischemia was not created in the 
animals here reported, but such studies are 
now in progress in our laboratory. A mini­
mum of six weeks was chosen before repeat 
thoracotomy because recent evidence sug-
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Fig. 5.—Intramyocardial portion of the internal mammary artery with several functioning side 
branches. (Original magnification x 13)
gests that, if a significant implant flow is time must elapse.12
going to be established, at least this much X-ray microscopy is the only method by
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Fig. 6.—Transverse section of the left ventricle. The implanted artery is seen in cross-section 
at the top of the picture, beneath the epicardial surface. The endocardial surface is below. (Original 
magnification x 10)
Fig. 7.—Transverse section of the left ventricle; epicardial surface above, endocardial surface 
below. Injection of the implant has filled the microcirculation of the entire surface of the left ven­
tricular wall. (Original magnification x 9)
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Fig. 8.—Higher-power view of Fig. 7. The smallest vessels visible are of capillary size; epi- 
cardial surface above, endocardial surface below. (Original magnification x 20)
which the microvascular bed of the intact 
heart wall can be adequately visualized fol­
lowing injection of appropriate contrast 
medium. The particle size of the injection
medium used in this study was 0.1 to 0.5 /*, 
and its viscosity was no greater than whole 
blood. Hence, filling of capillary-size ves­
sels was possible.
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Su m m a r y
Methods of myocardial revascularization 
have assumed increasing importance in the 
treatment of ischemic heart disease. The 
Vineberg operation of internal mammary 
artery implantation has shown promise of 
widespread acceptance, but some doubt 
remains as to the true effectiveness of the procedure, particularly with respect to per­
fusion of the myocardial microcirculation. 
An experimental technique has been devel­
oped to assess objectively the myocardial 
vascularization that occurs from an im­
planted artery. The Vineberg operation 
was performed on dogs. Six or more weeks 
later the implanted artery was exposed and 
injected with a radiopaque medium. X-ray 
microscopy was then used to assess the 
vasculature in the heart wall. The methods 
of x-ray microscopy (contact x-ray micros­copy and x-ray projection microscopy) are 
briefly discussed; these enable reliable and 
precise visualization of the myocardial 
microcirculation. Arterioles, capillaries and 
venules are readily distinguished. This 
study shows that consistent filling (per­
fusion ) of the adjacent microcirculation follows suitable injection of an internal 
mammary artery implant. The coronary 
microcirculation is filled from epicardium 
to endocardium.
The authors wish to thank Mr. V. Carvalho and Mrs. P. Troyer for their experienced technical assistance.
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Resum e
Les methodes de revascularisation du myocarde ont pris une place de plus en plus importante dans le traitement des cardiopathies d’origine ischemique. L’operation de Vineberg (implanta­tion de l’artere mammaire interne dans le myo­carde) semble promise a une vaste diffusion, bien que subsistent certains doutes quant a l’efficacite profonde de 1’intervention, surtout en ce qui touche a l’irrigation de la microcirculation du muscle cardiaque. On a mis au point une methode expernnentale en vue d’evaluer objectivement l’e- tendue de la vascularisation qui resulte de rim- plantation de l’artere mammaire. L’operation de Vineberg a done ete faite sur le chien. Dans un delai minimum de six semaines, apres avoir mis a nu 1’artere implantee, on y injectait une substance opaque aux rayons X. On eut alors recours a la microscopie radiographique pour etudier les vais- seaux dans la paroi du cceur. Les methodes de microscopie radiographique (microscopie par con­tact et par projection) sont brievement exposees. Elies ont permis de rendre visible, de fagen sure et precise, la microcirculation du myocarde. II a ete facile de distinguer les arterioles, les capillaires et les veinules. Cette methode a permis de mon- trer qu’une injection suffisante de substance de contraste dans la greffe de la mammaire interne est suivie du remplissage (perfusion) uniforme de la microcirculation de la zone adjacente. Le sens du remplissage des vaisseaux de la microcircula­tion coronarienne s’effectue de 1’epiearde vers 1’endocarde.
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THE FUNCTIONAL ANATOMY OF THE KNEE JOINT, WITH 
SPECIAL REFERENCE TO THE MEDIAL COLLATERAL AND 
ANTERIOR CRUCIATE LIGAMENTS"
J. ROBICHON, M.D., M.Sc., F.R.C.S.JC], F.A.C.S.f and 
C. ROMERO, M.D., D .Sc.,f Ottawa, Ont.
Twenty-four years ago, Brantigan and 
Voshell1 did a valuable study on the mech­
anism of the ligaments and menisci of the 
knee joint. Since then, scores of papers 
have been written on the functional anat­
omy of this joint. As late as 1965, contra­
dictory views on this subject continued to 
appear.
The purpose of the investigation report­
ed in this communication was to evaluate 
the function of the medial collateral liga­
ment and the anterior cruciate ligament. 
We wished also to clarify, if possible, the 
abnormal movements that result from 
damage to these structures.
F unctional Anatomy
Movement
Functionally, the mechanism of the knee 
is complex.2’ 3 As well as being a hinge 
joint, there is an important rotational com­
ponent to its movement.4 It is this rota­
tional component that makes the knee vul­
nerable to injury. In full extension the tibia 
rotates on the femur externally, and in 
flexion internally. The gliding movement 
of the femur on the tibia adds to the com­
plexity. Synchronization of these move­
ments is of prime importance to smooth 
function.
The intricate movement of the medial 
collateral ligament when the extended knee 
is flexed makes it much more vulnerable to 
injury because the locking mechanism that 
operates in full extension is no longer 
effective. We have also demonstrated that 
the various structures on the medial and 
posterior sides of the joint are in equilib­
rium only in semiflexion (20° to 30°). It is 
only in that position that all these struc-
0 Presented at the meeting of the Canadian Ortho­
pedic Association, Montreal, Que., June 1967. 
tDepartment of Surgery (Orthopedic), University 
of Ottawa and Ottawa General Hospital, Ottawa, 
Ont.
^Department of Anatomy, University of Ottawa.
tures are under an approximately equal 
degree of tension. This creates a situation 
in which the joint has a physiological in­
stability which reaches abnormal propor­
tions when sufficient valgus strain is ap­
plied. Such strain may cause rupture of 
various components on the medial side of 
the knee joint.5
Stability
The knee joint has maximum stability 
when the knee is locked in full extension. 
Locking is brought about and maintained 
by the action of the collateral and cruciate 
ligaments, the posterior capsule, the quad­
riceps expansion and the tendons about the 
joint, as well as the bony configuration. As 
the knee is locked in extension, there is no 
instability for all practical purposes. Slight 
instability becomes apparent when the 
knee is flexed to about 20° to 30°.
Mechanisms of Injury
Based on this intricate mechanism of 
motion, the knee injuries can be divided 
into three categories: Those incurred dur­
ing rotation hyperflexion or hyperextension 
trauma; those incurred by direct trauma; 
and those caused by a combination of these 
two types of injuries. Any break in the 
synchronization of the various movements 
of the knee joint will produce one or more 
of these conditions seen as an isolated in­
jury or a more complex one.8, 7
Medial instability is the subject of con­
tinual controversy. Does such instability 
result from and indicate (1) a tear of the 
medial collateral ligament, (2) a tear of the 
medial collateral ligament and the anterior 
cruciate ligament, (3) a tear of the anterior 
cruciate ligament, medial collateral liga­
ment and posterior capsule, or (4) a con­
cealed fracture of the tibial plateau which, 
although not seen on a routine radiograph, 
can be visualized on a tomogram?
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Objective and M ethod
Intrigued by these different questions, 
we carried out experiments on the knee 
joint using a special embalming method8 
developed by our colleagues in the Depart­
ment of Anatomy, University of Ottawa. 
This technique, which will soon be the 
subject of a separate communication, per­
mits full passive motion of the joint. To 
keep a dynamic record of the results, 
motion pictures were made of the studies 
using a 16-mm. cine camera. Many of the 
observations reported here are the result 
of careful, repeated study of these films.
Our purpose was to evaluate the contri­
bution of the medial collateral and anterior 
cruciate ligaments to the lateral stability 
and rotation of the knee joint in extension, 
in 20° to 30° of flexion, and in 90° of 
flexion.
Knee joints of cadavers, properly em­
balmed, were dissected, care being taken 
to leave intact their stabilizing structures. 
In order to expose the medial collateral 
ligament in all its length, both the gracilis 
and semitendinosus muscles were reflected 
downwards leaving the semimembranosus 
muscle in place. Stability of the knee joint 
in lateral and rotational movement was 
tested with the medial collateral ligament 
and cruciate ligament intact. This testing 
was done in extension, 20° of flexion and 
90° of flexion. Later, the anterior portion 
of the medial collateral ligament was sec­
tioned and the knee again tested for stabil­
ity and rotation, in the three positions pre­
viously described. Next, the posterior 
portion of the medial collateral ligament 
and posterior capsule were sectioned at the 
level of the knee joint, and stability and 
rotation were again tested. Finally, the an­
terior cruciate ligament was sectioned 
through a small slit in the anterior capsule 
and again the stability in rotation and later­
al movement was tested.
Results
All the structures mentioned above con­
tribute to the maintenance of the knee’s 
stability. For all practical purposes there is 
no lateral instability or rotation in full ex­
tension. Some degree of instability and
rotation begins at about 20° to 30° of 
flexion.
Complete section of the medial collateral 
ligament below the posterior attachments 
has little effect upon stability of the joint 
in flexion or semiflexion, and none what­
ever in full extension.
Complete section of the medial collateral 
ligament at the level of the meniscus and 
severance of the connections between the 
posterior insertions creates moderate lat­
eral instability and an increase in rotation 
in flexion and semiflexion, and slight in­
stability in extension.
Section of the medial collateral ligament, 
anterior cruciate ligament and poste­
rior capsule results in definite lateral in­
stability in extension and marked instabil­
ity in 20° of flexion. Accepting the fact that 
when the posterior attachments are de­
stroyed the capsule is almost always rup­
tured, a complete tear of the medial col­
lateral ligament at the level of its posterior 
attachments almost always results in a 
marked instability.
Sectioning of the anterior cruciate liga­
ment will make little difference to the sta­
bility in flexion and extension, but has a 
marked effect on internal rotation, which 
is increased in all positions.
Although evidence of anterior-posterior 
stability has long been accepted as evidence 
of anterior cruciate ligament integrity, we 
believe that this test is not consistent. On 
many occasions, the anterior cruciate liga­
ment is torn without producing undue lax­
ity in the anteroposterior movements. We 
believe that unless the posterior capsule is 
lax and the semimembranosus is relaxed, 
marked instability in anteroposterior move­
ment will not be apparent. The increase in 
internal rotation that results from such in­
jury appears to us to be much more im­
portant.
From these experiments, we have con­
cluded that the anterior portion of the 
medial collateral ligament makes no con­
tribution to stability in full extension. When 
it is sectioned, there is veiy little increase 
in instability in 20° of flexion and 90° of 
flexion. Section of the anterior and pos­
terior portion of the medial collateral liga­
ment does, however, produce some insta-
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bility in extension and marked instability 
in 20° of flexion. There was some definite 
increase in rotation only after section of 
the anterior cruciate ligament; this was also 
accompanied by some increase in lateral 
instability. We believe that, in order to 
evaluate the extent as well as the location 
of the tear of the medial collateral liga­
ment, the knee should be tested both in 
full extension and in 20° of flexion.
D iscussion
Earlier, we presented a new interpreta­
tion of the structure and function of the 
tibial collateral ligament. Acceptance of 
this new inteipretation implies a different 
clinical approach to injuries to this liga­
ment. The disagreement between such 
authors as Brantigan and Voshell,1 Palmer,9 
Abbott et al.,w Hallen and Lindahl11 and 
others concerning the stability of the knee 
after section of the medial collateral liga­
ment may well have been due to variation 
in the level and extent of the section. We 
would like to emphasize that, due to its 
shape and attachments, the medial collater­
al ligament as a whole is at no time com­
pletely tense or completely relaxed. Due 
to tension equilibrium of the whole liga­
ment in semiflexion (Fig. 1) compared to 
anterior tension and posterior relaxation in 
flexion (Fig. 2) and vice versa in extension 
(Fig. 3), the position in which the knee 
joint is at the time of injury determines 
whether a complete or partial tear of the 
medial collateral ligament will occur.
C onclusions
It is difficult to determine the validity of 
cadaver experiments done in the absence of 
muscular support and power. However, 
from detailed examinations of seven knee 
joints and the experiments carried out upon 
them we have been able to draw the fol­
lowing conclusions:
(1) Increased instability during examina­
tion in semiflexion indicates damage to at 
least the anterior portion of the medial col­
lateral ligament.
(2) Instability in extension indicates ex­
tensive damage to the whole medial col­
lateral ligament and probably to the pos-
Fig. 1.—The knee in semiflexion. In the sketch, 
die arrangement of the stress lines indicates that 
all parts of the medial collateral ligament are 
under the same degree of tension (semi-relaxed). 
A—superficial attachment; B—inferior attachment; 
C—one of the two posterior attachments—the other 
cannot be seen as it is deeper, lower, and con­
nected to the meniscus.
Fig. 2.—The knee in full flexion. Note the ten­
sion in the anterior portion of the medial collateral 
ligament as compared with the posterior portion 
(A, B and C as in Fig. 1).
k
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Fig. 3.—The knee in full extension. Note the 
anterior portion of the ligament is relaxed as com­
pared to the posterior portion (A, B and C as in 
Fig. I).
terior capsule and appears to justify opera­
tive intervention.
(3) Section of the anterior cruciate liga­
ment seems to have little effect on lateral 
stability in our experiments. However, it 
has a marked effect on internal rotation.
(4) True medial instability means exten­
sive damage. If operative repair is decided 
upon, it should be meticulously done. Al­
though the early results of conservative 
treatment or inadequate surgical repair can 
be satisfying, late sequellae may follow due 
to continuous, faulty synchronization.
Su m m ar y
tion indicate that medial instability in ex­
tension is the result of extensive damage to 
the tibial collateral ligament.
We suggest that examination of the knee 
in extension and semiflexion will help in 
the evaluation of the extent of injury and 
should influence the decision between con­
servative and operative treatment.
We wish to express our appreciation to Mr. M. 
Simmons for his dissection of specimens, to Miss 
D. Breure for her talented drawings and to Mr. 
M. Fokima for the photography.
This work was made possible through a grant 
from the Rehabilitation Foundation of Ontario.
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The functional anatomy of the knee joint 
has been studied using a special method of 
embalming. The relationship of the tibial 
collateral and anterior cruciate ligaments 
to the medial stability and rotation of the 
knee joint were studied with the joint in 
full extension, in 20° to 30° of flexion, and 
in 90° of flexion. Results of this investiga­
R e su m e
Un releve de la litterature sur la fonction stabi- 
lisante des ligaments lateral interne et croise 
anterieur du genou semble contradictoire.
Pour cette raison, nous avons entrepris une 
etude de l’anatomie fonctionnelle du genou sur sept 
cadavres, aides d’une technique d’embaumement 
speciale concervant le mouvement complet de 
l’arti dilation.
La stabilite tant laterale qu’en rotation de l’arti-
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culation du genou a ete etudiee en extension et 
en flexion de 20° et 90°, conservant d’abord le 
ligament lateral interne et le ligament croise 
anterieur et ensuite les sectionnant Fun apres 
l’autre. 11 nous apparait justifiable de deduire de 
ce travail: —
Qu’une instability importante est presente seule- 
ment a la suite d’une dechirure complete du liga­
ment lateral interne.
Une augmentation de rotation interne est pre­
sente a la suite de la section du ligament croise
anterieur sans tout de meme changer appreciable- 
ment la stabilite.
Une dechirure partielle du ligament lateral in­
terne ne peut etre evaluee que dans la position de 
flexion d’environ 20°.
La position d’extension complete de meme que 
de flexion de 20° permet d’evaluer une dechirure 
complete de ce meme ligament.
Une intervention chirurgicale nous parait in- 
diquee seulement dans les cas de rupture complete 
du ligament lateral interne. r
SOLITARY BONE CYST
No support is lent to the hypothesis that 
treatment secures better results in latent than 
in active cysts. The frequency of the disease is 
known to decrease with advancing age. There­
fore, it seems reasonable to assume that the 
therapeutic results might also be better in the 
higher age groups. The authors’ series showed 
a significantly higher incidence of active cysts 
in relation to latent ones before the age of 12 
years.
Great caution should be exerted in the vi­
cinity of the epiphysis. Provided that the cyst 
site is characteristic, the roentgen appearances 
typical, and the operative findings show the 
characteristic thin, yellowish fluid in the cyst, 
the diagnosis is sufficiently certain to permit 
one with confidence to refrain from curettage 
in the vicinity of the epiphysis. The justifica­
tion for this step in the operation is open to 
question. Sequestra are encountered from 
time to time in the cysts. In some instances 
there is capsular thickening with adjacent loose 
pieces of bone. From the surgical standpoint 
it seems correct to remove sequestra and 
leave only viable tissue elements.
The results secured by curettage and pack­
ing of the cyst with autologous bone as the 
main measures in the treatment of 24 solitary 
bone cysts did not differ from those reported 
by other workers. In one of the patients whose 
cyst healed, the cyst recurred three years after 
the operation, but when the patient came to 
follow-up six years later, there was no trace 
of any cyst. If, in addition, it is kept in mind 
that the prognosis is better in the older age 
groups and that spontaneous healing followed 
conservative treatment of fractures in 11 of 74 
patients, it appears obvious that new means 
must be tested to overcome this therapeutically 
troublesome disease.
During the past three years the authors 
have treated eight patients by fenestration of 
the solitary bone cyst without curettage and 
with the insertion of Teflon mesh to prevent 
periosteal primary healing over a persisting 
cystic cavity. The initial results have been 
promising. Since publishing their last article, 
the authors suggest that the results of this 
method of treatment are superior to those of 
others.
Congenital malformation has been suggested 
as a cause of this condition, but this conflicts 
with the fact that the cyst has not been re­
corded in early infancy in any instance. The 
explanation that seems most plausible is that 
the cause is a post-traumatic condition with 
intramedullary bleeding.
The results of conservative treatment were 
not encouraging; malignant degeneration of 
the cyst has been recorded, and radiation of 
growing bone may arrest growth. Evaluation 
of the results of the 29 operations performed 
with a uniform technique shows 12 of them 
to have secured healing of the cyst.
Of the 16 cysts which healed, nine were 
active and seven latent. Among the eight un­
healed cysts, six were active and two latent. 
If a fourfold table is made of healing or non­
healing in latency and activity, the normal dis­
tribution is obtained. This implies that in the 
series there was no support for the hypothesis 
that the prognosis of latent cysts is better than 
that of active cysts. If the fact that of the 
eight unhealed cysts six were active and two 
latent is taken as an isolated observation, the 
unequal distribution might give the impres­
sion of supporting the theory. The therapeutic 
results were not correlated to the anatomic 
situation of the cysts.—Hagberg, S. and Mans­
field, L.: The solitary bone cyst; a follow-up 
studv of 24 cases, Acta Chir. Scand., 133: 25, 
1967.
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ACUTE SUPPURATIVE TENOSYNOVITIS0
E. P. McDOUGALL, M.D.,
S u ppu r a tiv e  tenosynovitis is an acute in­
flammatory disease characteristically in­
volving the digital flexor tendon sheaths. 
While other tendon sheaths may be in­
volved, the frequency of wounds of the 
digits in industrial and household accidents 
practically limits the infection to this area. 
While this is not a common condition, early 
recognition and adequate treatment can 
prevent the prolonged morbidity and the 
permanent disability well known to those 
who dealt with this disease before anti­
biotics were available.
The disease may be primary, i.e. confined 
to the tendon sheath, and due to direct inoculation of the tendon sheath following 
puncture wounds or lacerations, usually at 
the digital flexion creases. Secondary infec­
tion of the tendon sheath is due to spread 
from an adjacent focus of infection, such 
as that in a pulp space or palmar space. 
Unquestionably, the use of antibiotics has 
greatly reduced the incidence of this sec­ondary type of infection.
The purpose of the present communica­
tion is to describe the methods of treatment 
and the results obtained in 16 patients with 
acute suppurative tenosynovitis seen at the 
Toronto East General Hospital in a seven- 
year period.
C lin ic a l  F ea tu res
In describing this disease, Kanavel1 
listed four cardinal presenting signs: (1) 
The finger is maintained in a position of 
flexion for comfort; (2) intense pain is 
produced by attempts to extend the digit 
either actively or passively; this is most 
marked in the proximal segment of the 
finger (these findings are absent in local­ized inflammatory conditions of the digits); 
(3) there is symmetrical enlargement of 
the entire digit; and (4) there is excessive 
tenderness over the entire course of the 
tendon sheath.
'’From the Department of Surgery, Toronto East General and Orthopedic Hospital, Toronto, Out.
Presented at the Annual Meeting of the Canadian Society of Plastic Surgeons, Ottawa, Ont., May 
1966.
F.R.C.S.jCJ, Toronto, Ont.
Fig. 1.—The common pattern of synovial flexor tendon sheaths in the hand.
There is little in the recent surgical 
literature concerning this infective process. 
Scheldrup2 stressed the anatomical differ­
ences between the tendon sheaths of the 
thumb and little finger, and those of the 
middle three fingers. As Fig. 1 shows, 
the former extend proximally through the 
carpus to become the radial and ulnar bursae; in a high proportion of dissections, 
these wrist bursae communicate. In the index, long and ring fingers, the sheath usually extends from the insertion of the 
deep flexor tendon in the terminal phalanx to just proximal to the metacarpophalange­al joints in the region of the proximal palm­
ar skin crease. Because of these anatomical 
differences, tenosynovitis involving the 
thumb or little finger may spread more 
widely than that involving other fingers.
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The flexor tendons lying within these 
synovial sheaths are surrounded by unyield­
ing bone dorsally and the well-developed 
fibrous pulley or retinacular system later­
ally and anteriorly. Their scant blood sup­
ply is conveyed by the vinculae, distinct 
fibroelastic structures arising from the 
parietal synovial structures dorsal to the 
tendon. Any sustained increase in tension 
within the sheath will obliterate the 
vincular vessels and those of the surround­
ing synovium with resultant tendinous 
adhesions or actual necrosis of the tendons.3 
This explains why prompt and accurate 
diagnosis and vigorous treatment are neces­
sary to combat this type of infection.
The causative organism is usually a 
coagulase-positive Staphylococcus aureus, 
but other bacteria or combinations of 
bacteria may be found on bacteriological 
culture. Such studies are essential for the 
proper treatment of an infection that 
may be caused by a penicillinase-producing 
staphylococcus.
instillation of antibiotics diluted with nor­
mal saline. Brachial block anesthesia was 
used in those who did not have lym­
phangitis or lymphadenitis; those who did 
received general anesthesia. The methods 
of treatment used in these 16 patients are 
shown in Table I. The results of bac- 
teriologic studies are shown in Table If.
TA B L E  I.— M ethod of T reatment in lti 
Patients with A cute Suppurative T enosynovitis
N umber of Jr
Treatment patients
Irrigation only.......................................
Irrigation and catheter.........................
Wide incision and drainage..................
9
5
i >
Local incision and drainage.................. i
TA B L E  II.—Bacterial Etiology in 16 P atients
with  A cute Suppurative T enosynovitis
Number of
Etiology patients
Coagulase-positive staphylococcus.........  10 A
Hemolytic streptococcus.........................  1
Hemolytic streptococcus and coagulase-
positive staphylococcus.....................  1
Negative cultures....................................  4
M aterial and M ethods
The present series of 16 cases of sup­
purative tenosynovitis was collected from 
the files of the Toronto East General Hos­
pital and covers patients seen over the past 
seven years. The index and the middle 
fingers were most commonly involved. Ten 
of these infections resulted from direct 
wounds involving the tendon sheath; six 
were secondary to adjacent infection.
Following diagnosis, all patients were 
immediately given parenteral crystalline 
penicillin in high dosage and the involved 
hand was elevated on pillows. The patient 
was taken to the operating room, anesthe­
tized, and the hand prepared for operation 
in the routine manner. A medium-sized 
hypodermic needle was inserted into the 
tendon sheath, proximally and distally, 
“blindly’’ or following direct exposure. The 
sheath was irrigated with saline and swabs 
for bacteriological study were taken from 
the resultant fluid. The sheath was then 
flushed with a crystalline penicillin solu­
tion. In several patients, this treatment was 
repeated. In five patients, following irriga­
tion, a fine plastic catheter was left in the 
sheath, for 24 to 48 hours, to permit local
In two, the staphylococcus was penicillin 
resistant.
This treatment gave good results. On 
follow-up, nine patients had a rapid return 
to normal and achieved a full range of 
motion of all digital joints. Four had good 
results, the involved digit lacking less than 
20° of motion at the proximal inter- 
phalangeal joints. One of these patients 
required a tenolysis and resection of the 
superficial flexor tendon. Three patients 
needed amputation: one for gross residual 
limitation of motion (the patient had been 
treated by wide drainage of the sheath); 
one for infective gangrene of the digit; and 
one for extensive skin loss, probably due 
to failure to control the infection after 
bacterial resistance developed to the anti­
biotics used initially.
D iscussion
The treatment generally recommended 
consists of early radical drainage of the 
tendon sheath, high doses of appropriate 
antibiotics and the ancillary measures of 
elevation and immobilization. Drainage as 
suggested by Kanavel,1 Bunnell,4 and 
others5'7 consists of widely opening the
4
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tendon sheath through a mid-lateral inci­
sion from the terminal phalanx to the inter­
digital web. The proximal cul-de-sac is 
opened through a transverse or curvilinear 
palmar incision. Some authors suggest that 
the fibrous sheath be retained intact in 
short areas in the region of the middle 
phalanx and the metacarpophalangeal joint 
to maintain this important pulley system.
For patients with early, acute sup­
purative tenosynovitis, Loudon, Miniero 
and Scott8 irrigated the tendon sheath 
under direct vision. They exposed the 
tendon sheath through proximal and/or 
distal transverse incisions and flushed saline 
through the wound.
The majority of the patients in the 
present series were seen and treated early. 
At this time the tendon sheath was 
distended, permitting blind needling 
without great difficulty. When visualized 
directly, the proximal end of the synovial 
sheath was seen to protrude proximally 
from the first tendon pulley in this area. 
On opening the synovium, turbid, cloudy 
fluid was obtained, which was seldom 
frankly purulent at this stage. The quantity 
of fluid obtained was small, but was ade­
quate for bacteriologic studies.
The high proportion of negative cultures 
in this study is not easy to explain. Most 
patients were treated with large doses of 
crystalline penicillin once the initial 
diagnosis was made. This may have 
sterilized the fluid obtained at operation, 
particularly if operative treatment was de­
layed for any reason. Delay in “plating” 
the culture specimen may be another 
reason for negative cultures.
Because the majority of non-hospital 
staphylococci are penicillin sensitive, this 
is the drug of choice for initial therapy. 
One patient developed a severe sensitivity 
reaction to penicillin. In two, penicillin- 
resistant strains of staphylococcus were 
found on culture. The use of appropriate 
antibiotics produced a satisfactory result 
in one of these patients; the other required 
amputation of a useless finger.
In a study of 100 patients with acute 
suppurative tenosynovitis, Flynn5 had good 
results in 33 following wide incision and 
drainage, and parenteral treatment with 
penicillin and sulfonamides. Loudon,
4 3
Miniero and Scott8 had good results in five 
of seven patients with infection limited to 
the tendon sheath. Recently, Carter, 
Burman and Mersheimer9 reported excel­
lent results following treatment similar to 
that described in this paper.
Early treatment of suppurative teno­
synovitis by irrigation of the tendon sheath 
with an antibiotic solution appears to 
eradicate this infection rapidly. This 
shortens the morbidity and prevents the 
permanent disability often seen following 
wide exposure of the digital tendons in the 
presence of a virulent infection.
Su m m a r y
Sixteen patients with suppurative teno­
synovitis are described. The mainstays of 
treatment were antibiotic therapy and ir­
rigation of the tendon sheath. The results 
with this treatment appear to be better 
than those obtained following wide surgical 
drainage of the tendon sheath.
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R e s u m e
Une breve serie des cas de tendosynovite 
ourulente est presentee. La majeure partie du 
traitement fut de la therapie antibiotique ainsi 
que Firrigation de la svnoviole. Le resultat de 
cette methode de traitement est acceptable et 
semble meilleur que les methodes qui pourraient 
etre obtenues suivant un drainage chirurgical 
extensif de la synoviole.
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CASE R E P O R T S
GRANULAR CELL MYOBLASTOMA OF THE CYSTIC DUCT: REPORT 
OF A CASE WITH ELECTRON-MICROSCOPE OBSERVATIONS9
* -
* *
B. MACKAY, M.B., Ch.B., Ph.D., G. B. ELLIOTT, M.B., B.S., F.C.Path. and 
J. A. MacDOUGALL, M.D., F.R.C.S.[Eng. & C], FA.C.S., Vancouver, B.C.
T h e  lesion known as granular cell myo­
blastoma was described by Abrikosoff1 in 
1926. He chose the name because of a sup­
posed resemblance between the elongated 
granular cells and embryonic skeletal 
muscle. Although it is now generally 
agreed that the name is unsuitable, no 
wholly satisfactory alternative has been 
suggested. In recent years, the lesion has 
been described in a wide variety of ana­
tomical locations but, despite considerable 
speculation, its nature and tissue of origin 
have remained intriguing enigmas.
In the case we wish to report a granular 
cell myoblastoma in the wall of the cystic 
duct had obstructed the duct and produced 
a mucocele of the gallbladder. In addition 
to the usual pathological examinations, the 
tissue was also studied under the electron 
microscope.
C ase R eport
The patient, a 45-year-old woman, com­
plained of intermittent attacks of right, upper 
quadrant abdominal pain. These had occurred 
at intervals of about one month for almost two 
years, the pain on each occasion lasting for 
about two hours and radiating to the right 
infrascapular region. There was associated in­
tolerance to fatty foods, but no jaundice, pale 
stools or dark urine. On examination, she had 
tenderness on deep palpation in the right 
hypochondrium. Cholecystography indicated a 
non-functioning gallbladder.
At laparotomy, the gallbladder and cystic 
duct were tense, but did not appear inflamed. 
A solid mass was felt in the cystic duct close 
to its junction with the common bile duct, and 
this was resected with the cystic duct. The 
frozen-section diagnosis was granular cell myo­
blastoma. The small defect in the wall of the 
common duct was closed around a T-tube, and 
postoperative recovery was uneventful. There
“From the Departments of Pathology and Surgery, 
University of British Columbia and Vancouver 
General Hospital, Vancouver, B.C.
has been no recurrence of complaints in nine 
months of follow-up.
P athological  and  H istological
E x a m in a tio n
The pathological specimen was a thin- 
walled gallbladder, 13 cm. in length, con­
taining thick, white, mucoid material. The 
lesion in the wall of the cystic duct, which 
measured 7 x 15 mm., was pale, homo­
geneous, and unencapsulated (Fig. 1). His­
tologically, the lamina propria of the gall­
bladder showed mild, chronic, inflamma­
tory changes and some edema; the epitheli­
um appeared normal. The lesion in the 
duct had the typical appearance of a gran­
ular cell myoblastoma (Fig. 2). The eosino­
philic, lozenge-shaped cells appeared to 
merge with the intermuscular connective 
tissue of the duct wall, and were intimate­
ly related to the epithelium which was at 
no point hyperplastic. The lesion appeared 
entirely benign.
E lectron  M icroscopy
A thin slice, cut from the lesion before it 
was frozen for rapid sectioning, was placed 
promptly in 5% buffered glutaraldehyde. 
A fragment of this fixed tissue was stored 
in phosphate buffer, and later used for dif­
ferential centrifugation. The remainder was 
post-fixed in osmium tetroxide and em­
bedded in Maraglas. Thin sections were 
stained with lead hydroxide and examined 
using a Philips EM 200 electron micro­
scope.
Electron micrographs reveal that each 
elongated granular cell is made up of a 
variable number of longitudinally oriented 
compartments, each with its own limiting 
membrane (Figs. 3 and 4). The compart­
ments vary considerably in diameter, but 
most are roughly circular or oval in cross- 
section. There is no direct cytoplasmic con-
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Fig. 1.—The opened cystic duct with a portion of attached gallbladder. The arrow indicates the 
granular cell myoblastoma in the wall of the duct. The scale is in centimetres.
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Fig. 2.—The light micrograph shows a polypoid protrusion of the myoblastoma covered by 
the columnar epithelium of the cystic duct. ( H & E x  300)
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Fig. 3.—The electron micrograph shows the appearance of the granular cell myoblastoma at a 
relatively low magnification. Several granular cells are visible, sectioned transversely or obliquely, and 
their subdivision into compartments is apparent. The wide variation in number of electron-dense in­
clusions within the compartments can also be seen. (Lead stain x 6000)
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Fig. 4.—The subdivision of a granular cell into compartments, each with its own limiting mem­
brane, is apparent. The appearance has some resemblance to that of a bundle of unmyelinated axons, 
but enveloping Schwann cells are lacking. (Lead stain x 20,000)
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Fig. 5.—Aggregates of concentrically arranged membranes within the granular cell myoblastoma 
occasionally have the orderly architecture illustrated by the two complexes near the centre of the mi­
crograph, but the irregular whorl in the upper right corner is more typical. Apparent reduplication of the 
basement lamina and extracellular microfibrils are also visible. (Lead stain x 55,000)
tinuity between adjacent compartments, 
and no cell membrane contacts, such as 
desmosomes, have been seen.
Around each granular cell, there is a 
basement lamina, which frequently appears 
reduplicated (Fig. 5), and basement lami­
nae of closely adjacent cells tend to fuse 
and lose their separate identities. Occasion­
ally, the material of the basement lamina 
projects into the granular cell for some 
distance forming a partition between com­
partments. The connective tissue in the 
extracellular space is made up of collagen 
fibrils, much thinner microfibrils, fibro­
blasts and occasional blood vessels.
The cytoplasm of the granular cell com­
partments varies in appearance. A nucleus 
is frequently visible, but organelles such as 
mitochondria and endoplasmic reticulum 
are sparse. Many compartments contain 
fine, longitudinally oriented filaments. The
granular appearance that characterizes the 
light-microscope histology is produced by 
inclusions which are present in most of the 
compartments; they may fill the compart­
ment or, at the other extreme, only a few 
isolated inclusions may be visible. These 
inclusions usually take the form of mem­
brane systems which frequently show some 
degree of concentric arrangement although 
the whorls tend to be convoluted and irreg­
ularly spaced. Occasionally, an orderly 
series of double membranes is seen (Fig. 
5), having no suggestion of a spiral struc­
ture. Associated with these inclusions, and 
occupying extensive zones of cytoplasm be­
tween them, are clusters of spherical 
bodies (Fig. 6), between 30 and 60 my in 
diameter, with occasional larger particles 
among them. Groups of particles may be 
confined within a membrane which is often 
incomplete.
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Fig. 6.—This electron micrograph shows a por­
tion of a compartment within a granular cell. 
Many closely packed spherical bodies are present. 
Most are between 30 and 60 in diameter, but 
occasional larger particles can be seen. (Lead 
stain x 55,000)
No internal structure could be recog­
nized within these particles in tissue sec­
tions, and an attempt was therefore made 
to isolate them. Through the kindness of 
Dr. W. L. Dunn of the Department of 
Pathology we were able to homogenize and 
differentially centrifuge the small glutar- 
aldehyde-fixed tissue fragment that had 
been stored in phosphate buffer. Successive 
spins were at 3000 rpm for two minutes, 
9500 rpm for 35 minutes, and finally 29,700 
rpm for one hour. The minute pellet re­
sulting from the final spin was re-suspended 
in buffer and sprayed on carbon-coated 
grids which were negatively stained with 
sodium phosphotungstate.
It was evident from a study of these 
grids that a relatively wide range of par­
ticles had been produced by this pro­
cedure, together with a considerable quan-
7d
Fig. 7.—Negatively stained particles isolated 
from the granular cell myoblastoma by the pro­
cedure described in the text are illustrated. The 
particle in (a) (x 220,000) represents the largest 
seen, and measures 140 m/a in diameter. The par­
ticle in (b) (x 220,000) is 100 m/r in diameter. 
Those in (c) (x 210,000) and (d) (x 280,000) range 
between 30 and 60 mfi; some suggestion of a 
limiting envelope can be seen in the two particles 
shown in (d), one of which is incomplete.
tity of fine debris and small fragments of 
collagen fibrils. The largest particles were 
up to 140 m/r in diameter, and one of these 
is illustrated in Fig. 7a. A smaller spheri­
cal structure, 100 m/x in diameter, is shown 
in Fig. 7b. The majority of the particles in 
the tissue sections fell within the 30- to 60- 
m/t range. Figs. 7c and 7d show particles 
of these dimensions as they appeared in 
the negatively stained preparations. It can 
be seen that these particles are roughly 
spherical, and the two in Fig. 7d appear to 
have a limiting membrane, suggestive of 
a capsular envelope.
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The material embedded from the lesion 
for routine electron microscopy contained 
a few epithelial infoldings of the lining of 
the cystic duct, and afforded us an oppor­
tunity to determine the morphological re­
lationship between the lesion and overly­
ing epithelial cells. The granular cells lay 
adjacent to the basement lamina of the 
epithelial cells, but at no point penetrated 
it, and no fine structural abnormality could 
be detected within cytoplasm or nuclei of 
the epithelial cells.
D isc u ssio n
Granular cell myoblastoma is no longer 
thought to be a rare lesion. Over 500 cases 
have now been recorded in a wide variety 
of anatomical locations. The present case 
is the second to be reported in the 
biliary tree. Coggins2 previously described 
autopsy findings in a 25-year-old Negress 
who died from hepatic failure following 
obstruction of the lower common bile duct 
by a granular cell myoblastoma.
Now that the natural history of this curi­
ous lesion is becoming clearer, attention is 
being focussed on its nature and tissue of 
origin. Because of the resemblance be­
tween the granular cells and myoblasts, 
Abrikosoff1, 3 suggested that it developed 
from skeletal muscle. Murray4 supported 
this view after she had compared the two 
tissues in cultures. It appears that granular 
cells can be present in the body without 
giving rise to benign tumours of sufficient 
size to attract attention or produce symp­
toms. Luse and Kemohan® identified small 
tumour-like nodules in the stalk and pos­
terior lobe of the pituitary in 88 of 1364 
glands examined, and Hausman6 described 
granular cells in the musculature of the 
appendix. Symptomatic lesions have been 
reported in pituitary7,8 and appendix.9 
That the cells are sufficiently characteris­
tic to be recognizable when separated from 
the parent lesion is indicated by the posi­
tive findings on exfoliative cytology in a 
patient with bronchial myoblastoma.10
On the basis of their electron-microscope 
observations on five myoblastomas, Fish­
er and Wechsler11 suggested that the lesion 
should be renamed “granular cell schwan­
noma”. They argued that the concentric
membrane systems resemble degenerative 
forms of myelinated axons, but phospho­
lipid membrane complexes are known to 
occur in cells that have no connection with 
the nervous system,1214 and are a charac­
teristic feature of many degenerating tis­
sues. It is our impression that these mem­
brane systems indicate an active pathologi­
cal process in the myoblastoma cells and, 
in this connection, the small particles, 
which are present in association with the 
myelin figures, are of particular interest. 
They were observed by Fisher and Wechs­
ler who referred to them as “virus-like 
bodies”.
There are some indications that the 
lesion may have an infective basis. Mul­
tiple lesions have been described in the 
same patient on more than 20 occa­
sions,15, 16 and on at least two occasions 
multiple lesions have appeared in the same 
patient at intervals over a number of years, 
in widely different sites.17 The lesions ap­
pear to be radioresistant, but are said to 
respond to corticosteroid therapy.18 A 
transplantable granular cell myoblastoma 
has been demonstrated in mice.19 Our 
own observations confirm the presence 
within the lesion of spherical particles 
within the size range 30 to 60 m u ,  and neg­
ative staining of the isolated particles has 
demonstrated an apparent limiting envel­
ope and in some instances a suggestion of 
internal structure. These features would 
be consistent with the particles being vi­
rions. However, the yield from the small 
fragment of tissue available was small, and 
more refined differential centrifugation is 
obviously essential to eliminate the larger 
particles, which may be lysosomal in na­
ture, and to concentrate the smaller spher­
ical bodies for morphological and other 
viral studies.
Whether or not viruses are present in a 
granular cell myoblastoma and of signifi­
cance in its pathogenesis, the tissue of ori­
gin of the lesion remains in dispute.20 
Fisher and Wechsler11 believe that the 
lesion develops from Schwann cells. We 
did not observe convincing nerve axons, 
either myelinated or unmyelinated, within 
the lesion and would be reluctant to iden­
tify degenerative forms of myelin sheaths
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in tissue containing a large number of 
myelin figures. The presence of nerves in 
close proximity to the cells of an unencap­
sulated lesion is of questionable relevance. 
The lesion does, however, show a number 
of fine structural features which support 
the view that it originates from nerve tis­
sue. The compartmentalization of the gran­
ular cells has some resemblance to the sub­
division of a bundle of unmyelinated axons, 
although enveloping Schwann cells are ab­
sent. Fine filaments, similar to the neuro­
filaments of axons, are numerous in com­
partments that contain few or no inclu­
sions, and the paucity of normal cytoplas­
mic organelles is again comparable with 
the fine structure of nerve fibres. Multi- 
laminated, amorphous material, indistin­
guishable from the basement lamina, and 
microfibrils have been described in the 
extracellular spaces of benign, peripheral 
nerve sheath tumours.21 Nerve would ap­
pear, therefore, to remain the most likely 
tissue of origin for the lesion.
Reports of malignant granular cell myo­
blastomas have appeared in the litera­
ture22, 23 but, in reaching such a diagnosis, 
it is difficult to establish, from light-micro­
scope sections, that a lesion is not a pleo­
morphic rhabdomyosarcoma. In this con­
nection, the fine structural appearance may 
prove of significant diagnostic value.
Summary
A granular cell myoblastoma was found 
at laparotomy in the wall of the cystic 
duct, producing a mucocele of the gall­
bladder. It was resected with the cystic 
duct, and the patient made a good recov­
ery.The light-microscope appearance of the lesion was typical. The lesion was not en­
capsulated, and the elongated granular 
cells lay immediately subjacent to the epi­thelium of the duct, which was not hyper­
plastic.With the electron microscope, each gran­
ular cell was seen to contain a variable number of longitudinally oriented com­
partments. Myelin figures and other inclu­sions were present in many of these com­
partments, and are responsible for the 
granular appearance characteristic of the
lesion in light-microscope preparations. Also 
present in the compartments containing 
inclusions were numerous clusters of spher­ical particles, most of which were between 
30 and 60 m/r in diameter. An attempt was 
made to isolate these particles by differen­
tial centrifugation, in order to demonstrate 
details of their morphology by negative 
staining. The results are considered suffici­
ently suggestive of a virus to justify more 
detailed studies when further tissue be­
comes available. The histogenesis of a 
granular cell myoblastoma remains uncon­
firmed, but nerve is thought to be the most 
likely tissue of origin.
We wish to thank Dr. Ann Worth for permission to use the electron microscope in the British Columbia Cancer Institute.
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Resume
Lors d’une laparotomie, on a trouve un myo- 
blastome a cellules granulaires dans le canal cys- 
tique, tumeur qui avait donne naissance a un mu­
cocele de la vesicule biliaire. La lesion avant ete 
resequee avec le canal cystique, le malade a par- 
faitement gueri.
Des coupes examinees au microscope optique 
ont revele la presence des cellules granulaires 
typiques en forme de losange. Examinee au micro­
scope electronique, la cellule granulaire a ete vue 
comme composee d’une nombre variable de com- 
partiments orientes suivant le sens longitudinal, 
chacun d’eux possedant sa propre membrane limi­
tative. Les organelles cytoplasmiques, qui se for- 
ment normalement, etaient peu nombreuses, mais 
de nombreux compartiments contenaient des inclu­
sions membraneuses (en fait des “ granules”  vues 
au microscope optique) et des agglomerations de 
partieules de forme spherique, dont le diametre 
variait de 30 a 60 m .
Certains caracteres des plus fines structures de 
la lesion permettent de croire que le nerf periphe- 
rique peut etre le tissu dont elle provient. On n’a 
pu etablir la nature et la signification des petites 
partieules spheriques. Leur apparition apres isole- 
ment et coloration negative constitue cependant 
une presomption qu’on est en presence de virions, 
assez forte pour justifier de nouvelles etudes spe- 
cifiques quand on pourra disposer d’un plus grand 
nombre de specimens tissulaires.
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AMPICILLIN AND WOUND INFECTION
If most wound infections after colonic oper­
ations occur at the time of a surgical 
procedure, local antibiotics of appropriate 
spectrum should minimize such infections. 
Ampicillin has a wide antibacterial spectrum 
as well as low toxicity and was therefore 
chosen in a controlled clinical trial to test its 
effectiveness in these infections.
The trial was conducted in a general hos­
pital. All colonic operations were included 
except when peritonitis was present at the 
initial operation or when the colon was not 
actually open at the time of operation. Peni­
cillin-sensitive patients were also excluded. 
The remainder, a total of 70, were selected at 
random for two groups—those for treatment 
and those for no treatment. Those in the treat­
ment group had 1 g. of sterile powdered 
ampicillin sodium sprinkled into the wound 
after closure of the peritoneum. Those in no 
treatment group received no such applications. 
Otherwise, all patients were treated according 
to the normal routine of the surgical floors. 
Systemic antibiotics were used freely for res­
piratory infection and other complications as 
indicated. Sterilization of the intestine was 
used as usual regardless of the study. The re­
sulting wounds were classified as septic when 
frankly purulent or when a hematoma yielded 
a positive culture, and as non-septic when the 
patient was afebrile and the wound showed 
no signs of pus at the time of removal of su­
ture.
Of the 70 operative wounds, 36 were 
treated and 34 were untreated. Of the 34 un­
treated wounds, 14 were septic and 20 non- 
septic; of the 36 treated wounds only one was 
septic and 35 were non-septic. No sensitivity 
reactions and no side effects were observed 
among the treated patients and there was no 
difference in the rate of wound healing.
The authors suggest that the high local con­
centration of topical ampicillin is effective in 
the prevention of wound infection; it is not 
associated with toxicity or with super-infec­
tion.—Nash, A. G. and Hugh, T. B.: Topical 
ampicillin and wound infection in colon sur­
gery, Brit. Med. J., 1: 471, 1967.
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ELECTROLYTIC REACTION TO DISSIMILAR METALS AS A 
CAUSE OF SCIATICA: A CASE REPORT
S. K. BHALLA, M.B., B.S., B.Sc.(M ed.), F.R.C.S.[C]“ 
and E. H. SIMMONS, M.D., B .Sc.(M ed.), M .S.(Tor-), F.R.C.S.[C], F,A.C.S.,f
Toronto, Ont.
Since 1877, when Lister first introduced 
the use of metal for internal fixation of 
fractures in orthopedic surgery,1 many re­
ports have appeared in the literature con­
cerning the reaction to metals in a living 
body. Since then, much experimental work 
has been done to determine the behaviour 
of different metals and their alloys in ani­
mals including man.2’4 Metals are dissimi­
lar when they vary in their electrophysical 
or chemical composition. Due to differences 
in electromotive force and ionization, dis­
similar metals, when introduced into the 
human body, act as electrodes and charges 
are carried from one metal to another in a 
manner similar to a storage battery.2
In 1937, Venable, Stuck and Beach2 de­
scribed the various reactions of human 
tissue to different metals. Since then it has 
been demonstrated that different metals or 
their alloys give rise to different degrees of 
reaction. It has been found that all types 
of metallic alloys currently in use in human 
beings are ionized, that is, none o f these 
is completely resistant to corrosion. As a 
result of close study of such reactions, the 
Committee on Fractures and Other Trau­
ma of the American College of Surgeons4 
recommended that combinations of 18-8 
stainless steel, 19-9 stainless steel, vitallium 
and tantalum should not be used in one 
operation. Vitallium is less reactive than 
stainless steel but it has to be cast, thus 
somewhat limiting its adaptability.
W e recently encountered a patient who 
had sciatica o f such severity that she had 
tried to commit suicide on various occa­
sions. As will be detailed below, this sci­
atica was associated with an electrolytic
’ Formerly Fellow in Orthopedic Surgery, Toronto 
East General and Orthopedic Hospital, Toronto, 
Ont.
tClinical Teacher in Orthopedic Surgery, Univer­
sity of Toronto, Attending Orthopedic Surgeon, 
Toronto East General and Orthopedic Hospital, 
and Consultant Orthopedic Surgeon, Ontario So­
ciety for Crippled Children’s Centre, Toronto, 
Ont.
reaction, close to a nerve root, between 
dissimilar metals inserted at previous oper­
ations. This case is reported to emphasize 
the danger of this reaction and to reiterate 
that only one type of metal should be used 
in a given patient.
Case Report
On December 1, 1966, a 34-year-old
woman was admitted to the psychiatric service 
of the Toronto East General and Orthopedic 
Hospital following a suicide attempt. She had 
low back pain and right-sided sciatica treated 
surgically elsewhere. On August 17, 1962, she 
had a bilateral laminectomy at the L4-5 level 
because of low back pain and bilateral sciatica 
which had begun one year earlier. She im­
proved temporarily but, in November 1962, 
her back and leg pain became worse and she 
could no longer work as a typist. On Decem­
ber 13, 1962, her back was explored again 
and L4-to-sacrum fusion was carried out. For 
about four months she had some relief but 
then her right-sided sciatica recurred.
On three occasions since 1963 she had tried 
to commit suicide because of the severity of 
pain in her right leg. Later, she was committed 
to a psychiatric hospital. Epidural blocks gave 
only brief relief.
On admission to the Toronto East General 
and Orthopedic Hospital, she complained of 
mild, low back pain and pain radiating down 
the right leg, which she described as “like an 
electric current”. It was worse with walking 
but was present during bed rest. On the right 
side, straight-leg raising was limited to 50° as 
compared to 85° on the left. There was also 
a positive bow-string sign on the right. The 
orthopedic service was then consulted and the 
L4-to-sacrum fusion was found to be solid. 
The anteroposterior and lateral roentgeno­
grams (Figs. 1 and 2) show that the bone 
graft had been fixed with Compere wires 
through the spinous processes with screws lat­
erally through the facet joints. A metallic clip 
is seen in the right L4-5 intervertebral fora­
men. As found later at operation, the Com­
pere wires were of stainless steel, the screws 
were of vitallium, and the metallic clip was 
silver.
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Fig. 1.—Anteroposterior roentgenogram of the 
lumbosacral spine in December 1966, showing 
solid fusion between transverse processes on both 
sides between L4 and sacrum, and the relation­
ship of screws, wires and the clip on the right side, 
in the region of the L4-5 foramen.
Fig. 2 .—Lateral view of the lumbosacral spine 
showing close-up view of L4-5 space and the rela­
tionship of the clip.
A lumbar myelogram showed that this clip 
was indenting the dural pouch and was close 
to the right L5 nerve root (Fig. 3). A lumbar 
“discogram” at the L3-4 level was normal.
On December 21, 1966, the lumbosacral re­
gion was explored. The fusion was solid. A 
spina bifida at S I had complicated the sacral
Fig. 3.—Anteroposterior view of the lumbar my­
elogram showing the relationship of the silver clip 
to the dural pouch and the right fifth nerve root.
fixation. The lower Compere wire had passed 
through the sacrum and was found to be in­
tradural. The three Compere wires were then 
removed and there was a moderate cerebro­
spinal-fluid leak from the tract of the lowest 
wire. Partial laminectomy was done on the 
right side. When they were removed, the two 
fixation screws were found to be of vitallium. 
There was marked reaction around the silver 
clip and the adjacent right fifth nerve root. 
The clip was blackened and its surface was 
irregular and indented. The surrounding fi­
brous tissue, which was blackened and bluish- 
green, was excised and was sent for histologi­
cal study. The fifth nerve root was then freed 
completely.
After the operation the patient did well 
except for mild, temporary meningismus, 
probably due to the cerebrospinal-fluid leak 
associated with the removal of the Compere 
wire from the dural sac. Her right-sided scia­
tica subsided immediately. She was soon able 
to walk without support. Up to four months 
after her discharge from the hospital, she has 
remained symptom free on the right side.
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Fig. 4.—Microscopic section under high magnifi­cation of the excised tissue surrounding the silver clip. It shows the colonized fibrous tissue and for­eign body in the centre.
Section of the tissue removed from around the clip (Fig. 4) showed “colonized” fibrous tissue and local foreign-body reaction. A small piece of metallic foreign body is noted in the centre. Colonized fibrous tissue is identified by unipolar direction of the cells.
D iscussion
In the literature5'8 the various reactions 
to metal have been described and classi­
fied differently. A workable classification of 
reactions to metal is as follows: (1) trau­
matic or operative death of cells due to the 
insertion of metal, (2) mechanical irrita­
tion, (3) toxic—dissolution of metal ions 
which are transferred into the tissue fluid 
and are carried to other organs, for ex­
ample, deposition in liver and spleen, (4) 
electrolytic—due to the differences in elec­
trolytic pressures or electromotive force,
(5) oligodynamic or catalytic effect, and
(6) carcinogenic effect.Most authors now feel that the electro­
lytic reaction is actually an electrochemical 
reaction; it has even been described as a “chemical” reaction. Reaction may occur 
between metals of different composition 
when placed in an electrolyte. In human 
beings, body fluids (or cerebrospinal fluid 
as in this patient) act as the electrolyte.
La Que° showed that where galvanic 
corrosion occurs, its magnitude is not re­
lated quantitatively to the position of the 
metallic elements in the electromotive 
series. Order of placement of metals may 
have no relation to the amount of corro­
sion encountered. According to Wesley,6 
the degree of galvanic corrosion may de­
pend upon factors influencing the polariza­
tion of different metals or different areas 
on the same metal.
It has been foundJ that electromotive 
force depends directly upon the following: 
the volume of each piece of metal, the dis­
tance between them, and the difference in 
potential of the electrolytes surrounding 
the electrodes. These three elements con­
stitute a “battery”, and this set-up can pro­
duce ionic currents in the electrolytic solu­
tion. Most of the time the reaction seen 
around metal in the human body is de­
scribed as “metal corrosion” and is attrib­
uted to an electrochemical reaction. Fig. 
5 shows metallic corrosion of the various 
metals encountered in this patient, most 
marked in the silver clip.
The nature of the pain described by this 
patient is possibly significant because it is 
in keeping with a battery set-up between 
dissimilar metals close to a nerve root. It 
might be argued that the clip acted as a 
mechanical irritant to the nerve root. How­
ever, the obvious gross corrosive reaction 
seen at operation and the histological find­
ing of polarization of the cells indicate that 
the more likely source of irritation was an 
electrolytic reaction.
Experience with this patient stresses the 
importance of avoiding the use of dis­
similar metals in close proximity in the 
human body. Although her previous man­agement was satisfactory, the use of differ­
ent metals at operation was a serious error. 
A solid fusion was obtained, but unfor­tunately, because of the metallic reaction, 
the patient suffered more after the opera­tion than she did before.
Summary
Various reactions to different metals in 
the animal body have been well docu­
mented in the literature. Electrolytic re­
action to metals is now rare. A patient is
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Fig. 5.—The silver clip, two vitallium screws and three stainless steel Compere wires 
removed at operation in December 1966. Most of the reaction is around the silver clip, and 
to a lesser extent around the Compere wires, especially the one that is slightly angled.
described who had three different metallic 
implants near her right L5 nerve root. 
These implants were inserted at previous 
operations for discotomy and fusion. At the 
time of re-exploration, there was a marked 
reaction around the nerve root and her 
intractable sciatic pain was attributed to 
this reaction. The metallic implants re­
moved from this patient’s spine were: (1 )  
vitallium screws from the facet joints, (2 )  
stainless steel Compere wires from the 
spinous processes, and (3 )  a silver Mac- 
Kenzie clip around the nerve root. The 
tissue removed from the nerve root show­
ed colonization indicating that the reaction 
was probably electrolytic. On removal of 
these dissimilar metallic implants, the 
patient’s pain was immediately relieved.
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R esu m e
La litterature est riche de documents relatifs 
aux diverses reactions a differents metaux dans 
l’organisme animal. La reaction electrolytique aux 
metaux est desormais chose rare. Hauteur pre­
sente une malade qui avait eu trois implants me- 
talliques differents pres de la racine du nerf droit 
en L5. Ces implants avaient ete introduits lors 
d’operations anterieures pour discotomie et anky- 
lose d’origine operatoire. Au moment d’une 
nouvelle exploration on constata une forte re­
action autour de la racine nerveuse et on attri-
bua sa sciatalgie rebelle a cette reaction. Les im­
plants metalliques qu’on enleva de l’epine dorsale 
de cette malade etaient (1) des vis de vitallium 
des surfaces articulaires, (2) des fils de Compere 
en acier inoxydable de 1’apophyse epineuse et (3) 
une pince de Mackenzie en argent autour de la 
racine nerveuse. Le tissu preleve a la racine du 
nerf montrait qu’il y avait colonisation, signe que 
la reaction etait probablement de nature electro­
lytique. Apres enlevement de ces divers implants 
dissemblables, la sciatalgie disparut instantane- 
ment.
PULMONARY SCINTIGRAM, 
SUPPLEM ENT TO CHEST 
ROENTGENOGRAM
From October 1965 to March 1966, 68 pa­
tients with hilar and pulmonary tumours were 
examined. Albumin macroaggregates labelled 
with 131I were used. The albumin aggregates 
had an average size of 25 /a. In view of the 
high specific activity, few milligrams of the 
albumin with about 100 p.c. 131I were injected 
intravenously. The pulmonary scintigram was 
performed in colour because the colour dif­
ference would make it easier to detect differ­
ence in activity. An 8% background cut-off 
was used. Before the examination, Lugol’s 
solution was given for thyroid blockage. The 
68 patients consisted of 10 control patients, 
33 with histologically proved carcinoma of the 
bronchus, eight with pulmonary metastasis, 
four with mediastinal tumours, three with pul­
monary carcinoma, two with diaphragmatic 
paresis of nonmalignant cause, five with spastic 
emphysematous bronchitis, and three patients 
with tuberculosis.
The 10 control patients had normal pul­
monary scintigrams. A uniform activity dis­
tribution of the right lung was seen. Depend­
ing on heart size, the activity of the left lung, 
which varied especially in the left lower lung, 
was significantly less than that of the right 
lung; therefore, pick-up or loss of activity in 
the lower, left lung field could not easily be 
recognized. Of the 33 patients with proved 
carcinoma of the lung, 21 had much less iso­
tope uptake than would have been expected 
due to atelectasis alone. Eleven patients 
showed an abnormal scintigram, even though 
their chest survey films showed no pulmonary 
findings. Patients who had pulmonary meta­
stasis showed abnormal scintigrams if the tu­
mour size exceeded 3 cm. Mediastinal tu­
mours showed three abnormal scintigrams and 
one normal finding. Pleural tumours led to ab­
normal scintigrams. Patients with diaphrag­
matic paresis showed abnormal scintigrams on 
the basilar fields. The five patients with spas­
tic emphysematous bronchitis had a markedly 
diminished uptake of the radioactivity in the 
apical pulmonary segments. Spotty changes in 
the area of scarification showed in the scinti­
gram of patients with healed tuberculosis.
Several possibilities are given that may lead 
to diminished activity of pick-up of the isotope 
within the pulmonary fields. These are; vascu­
lar stenosis or blockage through albumin mac­
roaggregates, reflectory dilatation of the capil­
lary which may permit passage of the particles, 
or opening of normal closed shunts through 
arteriovenous anastomosis. The authors, how­
ever, believe that the significance of the lack 
of uptake of isotope in stenosing bronchocar- 
cinomas may be related to changes in ventila­
tion and some lack of aeration. A reflectory 
change in the vascular bed may take place. 
Comparative examination with angiography 
showed the narrowed lumen of the involved 
arteries in the lesser aerated segments of the 
lung. Therefore, pulmonary scintigraphy may 
show not only the primary blockage in vascu­
lar circulation, but also secondary disturbance 
in blood circulation conditioned through 
changes in gas exchange leading to reflectory 
vascular changes. This may make pulmonary 
scintigraphy an interesting supplementary ex­
amination for silent or poorly aerated pulmon­
ary segments especially since early broncho- 
carcinoma leads to stenosing of the bronchus 
and to loss of aeration of the respective pul­
monary segment. The pulmonary scintigram 
may contribute considerably to the early diag­
nosis. As compared to inhalation scinti­
graphy, the injection method is a much simpler 
and more expedient procedure and makes no 
demand on the patient. Radiation exposure 
using 100 /re. of 131I equals 100 mr. to the 
lung.—Feine, U., Assmann, H. and Hilnert, P.: 
Das Lungenszintigramm als Ergaenzung des 
Lungenroentgenbildes, Fortsch. Roentzenstr., 
105: 458, 1966.
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INTERARTICULAR HORIZONTAL DISLOCATION OF THE PATELLA”
ROBERT B. GLEDIIILL, M.D., F.R.C.S.[C] and J. MURRAY McINTYRE, B.Sc., 
M.D., C.M., F.R.C.S.[C], Montreal, Que.
Ac u t e , traumatic dislocation of the patella 
is not a common injury and, when it occurs, 
is usually lateral.1 Much less frequent are 
vertical,2’ 3 rotational intercondylar,3 and 
interarticular horizontal3 8 dislocations. A 
patient with interarticular, horizontal dis­
location is discussed in this communica­
tion.
joint, was a hard, transverse bulge. Any mo­
tion of the knee was extremely painful.
Radiographs demonstrated a horizontal, in­
terarticular dislocation of the patella with the 
upper edge jammed down into the knee joint; 
the articular surface of the patella faced the 
articular cartilage of the tibia (Figs. 1 and 2).
Closed reduction without anesthesia was not 
attempted because of severe pain on slight
Fig. la  Fig. lb
Fig. 1.—(a) Lateral and (b) anteroposterior radiographs of the knee demonstrating the horizontal 
and interarticular position of the patella before reduction.
C ase Repo r t
On October 30, 1965, T.S., an 11-year-old 
white boy, was running through a field hold­
ing his dog by a leash. He approached a large 
concrete block and was jumping over it, when 
the running dog accelerated, pulling him for­
ward off balance. His left knee struck the edge 
of the block. He fell to the ground, unable to 
bear any weight on that leg.
On examination, the boy was in pain, with 
the knee held in 90° of flexion. There was a 
transverse abrasion in the skin of the knee, at 
the level where the proximal edge of the 
patella would normally be found. Just distal 
to the abrasion, there was a depression in the 
soft tissues and distal to this, still over the knee
“From the Department of Surgery (Orthopedics), 
Montreal’s Children’s Hospital, Montreal, Que.
movement of the knee joint. Under anesthesia, 
closed reduction was unsuccessful so open re­
duction was done through a transverse skin 
incision. The quadriceps tendon and the joint 
capsule were intact. The quadriceps tendon 
was incised longitudinally, and the patella was 
reduced using a towel clip. To facilitate reduc­
tion, it was necessary to flex the hip and ex­
tend the knee gently while pulling very firmly 
in an outward, upward direction on the towel 
clip.
Raw bleeding bone was seen on the ventral 
proximal two-thirds of the patella. The patel­
lar periosteum was still attached to the under­
surface of the quadriceps tendon.
The joint was washed out with saline. The 
patella was fixed to its periosteum with two 
sutures of surgical steel, passed through two 
drill holes. The remainder of the closure was
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Fig. 2.—A schematic tracing of the lateral radio­
graph of the knee showing the enucleation of the 
proximal one-half of the patella from its perios­
teum.
routine. A cylinder case was applied for three 
weeks.
An extension lag was present for some time, 
but eventually the boy obtained a full range 
of painless motion and normal strength.
After PA years, there is no patellofemoral 
tenderness and no evidence of osteochondritis 
dissecans. There is a hard, non-tender ridge 
extending proximally in the soft tissues from 
the middle of the proximal edge of the patel­
la for a distance of about 1.5 cm. Radiographs 
of the knee revealed areas of new bone forma­
tion in the patellar tendon approximately 
where it had been incised (Fig. 3). The patel­
la is also moderately thickened.
D iscussion
Judged by reports in the literature, inter- 
articular, horizontal dislocation of the pa­
tella is rare. Brady and Russell,4 searching 
as far back as 1823, found only 25 cases, 
two of which were interarticular, lower- 
pole dislocations. Lamprecht,5 reporting a 
single case in 1948, knew of only one other 
report, that of Schuttemeyer in 1947.6
This dislocation is characterized by a
Fig. 3.—Lateral radiograph of the knee 1% years 
after reduction showing new bone formation ex­
tending proximally from the upper edge of the 
middle of the patella.
horizontal rotation of the patella, with the 
proximal one-half or so being avulsed from 
its periosteum and displaced into the inter­
condylar notch within the knee joint.
The mechanism of injury in the present 
case was a blow on the anterior aspect of 
the knee, over the usual position of the 
upper pole of the patella. This was indi­
cated on examination by a transverse skin 
abrasion at the site of impact. Such an 
abrasion seems to be a frequent finding in 
this injury.5
Reconstruction of the injury strongly 
suggests that the blow was received when 
the quadriceps was semi-relaxed and was 
extending the non-weight-bearing leg. The 
quadriceps, under minimal tension and 
caught by surprise by the sudden down­
ward and inward force, allowed initial 
horizontal and distal displacement of the 
patella. With the continuation of the force 
and the inability of the fibres of the quad­
riceps mechanism to continue passive ex­
cursion in this direction, the upper half of 
the patella was enucleated from the tendon 
or, as in this and one other case,6 was 
avulsed from its periosteum.
The dislocations described by Brady and 
Russell4 and Schuttemeyer6 occurred dur­
ing a fall while running up a flight of 
stairs. In such a situation one can easily
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imagine the non-weight-bearing, extending 
knee striking the edge of a step in a fashion 
similar to the injury described here.
Closed reduction4'6 is difficult because 
the taut, intact quadriceps tendon and ex­
pansion, acting as a “bow-string” in con­
junction with the taut patellar tendon, 
forces the patella deeper into the inter­
condylar notch. In those instances in which 
closed reduction was successful,4’ 0 the 
forces used were extreme. The advisability 
of such traumatic manipidation is ques­
tionable.
Full recovery seems to be the common 
end result. The new bone formation in this 
patient was probably due to the osteogenic 
effect of the avulsed periosteum on the 
hematoma between the incised portions of 
the quadriceps tendon.
Su m m a r y
An 11-year-old boy with an interarticu- 
lar horizontal dislocation of the patella is 
described. The physical findings and me­
chanism of injury are discussed. Open re­
duction was necessary. One-and-one-half 
years after operation the boy has a full 
range of motion in a painless left knee. The 
only complication is an asymptomatic 
thickening of his left patella.
Interarticular horizontal dislocation of 
the patella is an uncommon injury. When 
it occurs, reduction is prevented by the 
bow-string effect of the intact quadriceps 
and patellar tendons complex.
Only two closed reductions have been 
reported,4 ,5 and these both involved the 
use of extreme force which is best avoided 
especially in a growing limb.
Open reduction allows an atraumatic re-
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duction without interfering with the func­
tion of the knee-extensor mechanism, and is 
therefore the recommended treatment.
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R e s u m e
Les auteurs presentent le cas d’un gargonnet de 
11 ans souffrant d une luxation interarticulaire hori- 
zontale de la rotule. On decrit les constatations 
somatiques et explique le mecanisme de la lesion. 
Dans ce cas, il fut necessaire de pratiquer une 
reduction ouverte. Un an et demi apres l’opera- 
tion, la mobilite de l’articulation etait complete 
et l’articulation indolore. La seule complication 
fut un epaississement asymptomatique de la rotule 
gauche.
Ce type de luxation est une rarete clinique. 
Quand elle survient, la reduction est empechee 
par l’effet de “corde” du quadriceps intact et du 
complexe tendineux de la rotule.
Deux cas de reduction fermee seulement ont 
etd publies et cette intervention a du mettre en 
oeuvre une force considerable qu’il est preferable 
d’eviter, surtout sur un membre en pleine crois- 
sance.
Quant a la reduction ouverte, c’est une inter­
vention atraumatique qui ne gene en rien le me­
canisme des extenseurs du genou. Elle est done 
le traitement a recommander.
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PERITRO CH A N TER1C FR A C TU R E S O F 
TH E  FE M U R
Twenty-four patients with peritrochanteric 
fractures were treated by open reduction 
through the Austin-Moore incision or so-called 
southern exposure. These fractures involved 
the base of the neck, trochanteric and subtro­
chanteric portions of the femur.
The author’s technique eliminates the op­
portunity to obtain adequate roentgenographic 
control. This disadvantage is offset by  the 
wide exposure afforded and the opportunity to 
test the stability of the fixation by wide move­
ment of the hip under direct vision. O f the 
24 patients treated, 16 had satisfactory heal­
ing of the fracture with no evidence of aseptic 
necrosis.—Sandick, H .: Posterior surgical ap­
proach to peritrochanteric fractures of the 
femur, Bull. Hosp. Jo in t D is., 27 : 109, 1966.
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LACTATION FOLLOWING THORACOTOMY*
J. J. QUINLAN, M.D., F.C.C.P., Kentvdle, N.S.
T h e  occurrence of lactation unassociated 
with the puerperium is not uncommon. It 
has been noted1 in the following situations: 
in a great variety of endocrinopathies and 
pituitary tumours; after the ingestion of 
rauwolfia alkaloids, meprobamate, and 
chlorpromazine, probably because of their 
known effects on the hypothalamus; and 
with herpes zoster, cystic disease of the 
breast, and suckling or digital stimulation. 
In this last-named group, lactation is prob­
ably brought about by persistent stimula­
tion of the afferent neural pathways from 
the breast.
Lactation following incision of the thor­
acic cage, however, is a most unusual phe­
nomenon. As far as can be determined, it 
was first reported by Salkin and Davis2 in 
1949. They described 10 patients with non- 
puerperal lactation, nine following thoraco­
plasty and one after pneumonectomy. Of 
particular interest in this series is that five 
of the patients were Negresses, a group 
that made up only 10% of their total pa­
tient popvdation. As will be noted in Table 
I, the duration of lactation varied from 90 
to 660 days. In 1955, Aufses3 reported an 
unusual case of a white woman in whom
lactation began in the remaining breast 
three weeks after a right radical mastec­
tomy for carcinoma. In this instance, mam­
mary secretion ceased after only 10 days. 
In June 1966, Berger, Joison and Braver- 
man4 described three patients, two of whom 
began to lactate after a chest incision and 
one in whom lactation occurred following a 
stab wound of the thorax. These three pa­
tients were all Negresses. In the first, lac­
tation began four days after lobectomy 
through a classic posterolateral thorac­
otomy; in the second, milk appeared eight 
days after a median sternotomy for repair 
of the aortic valve; and in the third, lacta­
tion was noted eight days after the patient 
sustained a 12-cm. transverse laceration in 
the left submammary area.
In the first of Berger’s patients, lactation 
persisted for 330 days and in the second, 
for 300 days. In neither could it be sup­
pressed by the usual hormonal therapy. His 
third patient, who was thoroughly investi­
gated, had no abnormalities of the sella 
turcica. Thyroid function tests, serum cal­
cium and phosphorus, and urinary secre­
tion of follicle stimulating hormone (FSH), 
17-hydroxy corticosteroids and 17-ketoster-
T A B L E  I .— L a c tatio n  F o ll o w in g  T h o racic  I n c is io n s . S u m m a r y  of R ecorded  C ases
Authors
Age
(years) Race Procedure
Duration of 
lactation 
(days)
Salkin and Davis (1949)................................ 41 White Thoracoplasty
t t
180
34 White 660
i t  t t 32 Negro t t 360
t t  tt 32 White i t 330
U  I t 28 White t t 270
t t  t t 31 Negro t t 210
t t  i t 22 Negro “ 210
u  tt 22 Negro t t 90
t t  tt 26 Negro Pneumonectomy 210
i t  tt 44 White Thoracoplasty 120
Aufses (1955).................................................... 38 White Radical mastectomy 10
Berger, Joison and Braverman (1966) . . . . 28 Negro Lobectomy 330
t t  I t  t t 28 Negro Median sternotomy 300
I t  t t  t t 45 Negro Knife wound 880
(intercoastal
blockade)
oids were all within normal limits. In this 
•From the Nova Scotia Sanatorium, Kentville, individual, lactation lasted for 29 months
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At the Nova Scotia Sanatorium, Kent- 
ville, Nova Scotia, over the past 30 years, 
members of the staff have made some 6000 
major incisions in the thoracic cage. These 
include approximately 4000 thoracoplasties 
and 2000 posterolateral thoracotomies, the 
great majority for pulmonary resection in 
the treatm ent of tuberculosis. Approximate­
ly one-half of these operations were done 
on female patients, but the complication of 
postoperative lactation was not encoun­
tered until Ju ly  1966 when it occurred fol­
lowing pulmonary resection.
C a se  R e p o r t
During an altercation with her husband, a 
33-year-old Negress was struck on the right 
side of the chest. Because of persistent sore­
ness, she consulted her family physician, and 
had a chest radiograph on April 22, 1966. No 
damage to the thoracic cage was noted but a 
discrete, irregular infiltration was seen in the 
posterior segment of the right upper lobe. 
There was no change on a second roentgeno­
gram three weeks later so she was referred to 
the Nova Scotia Sanatorium for investigation 
on May 24, 1966.
On admission, her only complaint was cough 
with a slight amount of sputum, which had 
been present for many years. She had been 
in fairly close contact for some months with 
an uncle and an aunt, both of whom had 
been treated at the Sanatorium for pulmon­
ary tuberculosis.
She had never had any serious illnesses ex­
cept for chronic cholecystitis for which chole­
cystectomy had been done seven years before. 
She had a normal menstrual history. Her peri­
ods had begun at the age of 13 and were 
regular. She had no dysmenorrhea or menor­
rhagia. Her last menstrual period had begun 
on May 10, 1966, two weeks before admis­
sion. She had eight living children, ranging in 
age from 20 months to 14 years. She had had 
no difficulty with her pregnancies except for 
one miscarriage eight years previously.
The general physical examination was com­
pletely normal. The breasts were large and 
pendulous, and palpation revealed no tender­
ness or masses. Urinalysis was normal. Her 
hemoglobin was 11.9 g./lOO ml., white blood 
cell count was 10,250/c.mm. with a normal dif­
ferential. The sedimentation rate was 15 mm. 
in one hour (Wintrobe). The sputum was 
negative for tubercle bacilli on concentration 
and subsequent culture. The cytology of the 
sputum on three occasions was reported as
Class II, negative for malignant cells, some 
atypical cells only being noted. The tubercul­
in reaction was positive (1 tuberculin unit 
Mantoux). The histoplasmin skin test was neg­
ative.
Roentgenographic examination of the chest 
confirmed the presence of the discrete infiltra­
tion in the posterior segment of the right 
upper lobe. This had undergone no change 
when compared to the films taken during the 
previous weeks. A planigraphic study of the 
upper two-thirds of the right lung showed the 
lesion in more detail. There was no evidence 
of cavitation and all related and surrounding 
structures appeared normal. A right broncho- 
gram showed no abnormalities. Bronchoscop- 
ic examination done on June 5, 1966, revealed 
a normal tracheobronchial tree with no secre­
tions.
Because a definite diagnosis had not been 
made, an exploratory thoracotomy was recom­
mended. Because of the strong likelihood of 
tuberculosis, particularly with the history of 
contact, chemotherapy was begun. This con­
sisted of streptomycin, I  g. intramuscularly, 
twice weekly, sodium para-aminosalicylic acid, 
13.8 g. daily, and isoniazid, 300 mg. daily.
The right chest was explored on July 12, 
1966. The lung was completely free of adhe­
sions. In the posterior segment of the upper 
lobe, near the surface, two marble-sized nod­
ules were found close together. A wedge re­
section of this portion of the segment was 
carried out and the chest closed.
On gross examination of the specimen, 
caseation was seen. A smear from the speci­
men was positive for acid-fast bacilli and sub­
sequently M ycobacterium  tuberculosis was 
grown in culture.
The patient’s postoperative course was un­
eventful and the pleural space was obliterated 
promptly and completely. However, on July 
26, 1966, two weeks following resection, the 
patient noted that her breasts were hard and 
sore and, on the following day, she had con­
siderable discharge of milk from both breasts.
The last menstrual period had begun July 
11, 1966 and was of normal character. A 
pregnancy test of the urine was negative. 
Urinary 17-ketosteroids were 9.1 mg./24 hr. 
(normal range 5 to 15 mg.) and the 17- 
hydroxycorticosteroids were 1.8 mg./24 hr. 
(normal range 3 to 8 m g.). The follicle 
stimulating hormone (FSH) test was positive 
at 6.6 m.u. and negative at the 26.4-m.u. level 
(normal range 5 to 50 m.u.). Pregnanediol ex­
cretion was 0.8 mg./24 hr. ( normal range 
1 to 10 mg.).
During the subsequent weeks, lactation con-
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tinued. On September 2, 1966, the patient 
was allowed to go home on a pass. At this 
time milk still exuded from the nipples but it 
was somewhat less than it had been. Unfor­
tunately, although she had been advised that 
considerable further treatment for the tuber­
culosis was required, she decided not to come 
back to the Sanatorium, and hence was dis­
charged against medical advice. In order to 
control the lactation, we proposed to carry out 
multiple intercostal nerve blocks, if she still 
had persistent lactation on her return.
On September 27, 1966, a Public Health 
nurse visited her and found that the lactation 
had ceased approximately three days previous­
ly. The total duration of the lactation, there­
fore, was two months.
D iscussion
The sequence of events leading to the 
growth of the breast and lactation is some­
what complicated. Duct growth appears to 
require the combined action of corticoids, 
growth hormone and estrogens, whereas 
progesterone and prolactin are also needed 
for the growth of the alveolar lobules. The 
secretion of milk begins when progesterone 
and estrogen are withdrawn but prolactin 
and the adrenal corticoids are still present. 
Once lactation occurs, it can be maintained 
through afferent stimuli from the breasts 
by way of the intercostal nerves and the 
dorsal longitudinal fasciculus to the hypo­
thalamus. A widely held theory is that the 
neural stimuli leading to lactation exert 
their effects by causing a reduction in the 
usual hypothalamic inhibitory control on 
the release of prolactin.
In  non-puerperal lactation after chest- 
wall incision, the important factor seems to 
be the transmission of peripheral afferent 
impulses through neural pathways to the 
hypothalamus, because there is apparently 
no estrogen withdrawal. The measure usu­
ally employed to suppress lactation—-the 
administration of estrogenic hormone— 
therefore, will not be effective. However, 
the success of intercostal blockade in other 
cases reported in the literature suggests 
that interruption of the neural pathways is 
effective.
It may be of some significance that 8 of 
the 13 patients previously reported were
females of the Negro race, as was the pres­
ent patient.
Summary
The literature of non-puerperal lactation 
following incision in the chest has been 
reviewed. A Negress is described in whom 
lactation occurred two weeks following pul­
monary resection for tuberculosis and con­
tinued for two months. The physiology of 
lactation and the probable etiology of non- 
puerperal lactation following chest in­
cisions have been discussed. Lactation in­
itiated by thoracotomy incision is a rare 
phenomenon. It cannot be suppressed by 
the usual hormonal therapy but may re­
spond to intercostal nerve blockade.
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Resume
II n’est pas rare d’observer le phenomene de la 
lactation en dehors de l’accouchement. II n’a ce- 
pendant ete note que dans 13 cas anterieurs, apres 
incision de la paroi thoracique. L ’auteur presente 
ici le cas d’une negresse de 33 ans qui avait du 
subir une thoracotomie pour permettre 1’explora- 
tion d’une lesion nummulaire soupQonnee du pou- 
mon droit. La lesion etait d’origine tuberculeuse 
et fut excisee (resection en triangle) du poumon 
atteint. La periode post-operatoire se deroulait 
sans incident quand, deux semaines apres l’inter- 
vention, survint un ecoulement de lait abondant 
dans les deux seins. Cette montee laiteuse se pour- 
suivit durant les semaines suivantes, mais elle se 
resorba graduellement pour finalement se tarir 
deux mois apres la resection pulmonaire.
La fonction menstruelle de cette femme avait 
ete normale jusqu’alors et il fut facile d’ecarter 
la possibility d’une grossesse. Les divers dosages 
urinaires des hormones etaient tous dans des limites 
normales. La femme avait eu neuf grossesses an- 
terieures et son dernier enfant etait 20 mois 
avant.
L’auteur rappelle les notions de la physiologie 
de la lactation et propose une explication du phe­
nomene de la lactation apres incision de la cage 
thoracique. II est interessant de noter que 8 des 
13 femmes dont un cas semblable avait ete publie, 
comme la patiente faisant Tobjet du present ar­
ticle, etaient de race noire.
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CYSTADENOMA OF THE PANCREAS
PAUL J. VAN CANGH, M .D .“ and ROBERT H. THORLAKSON, M.D., 
F.R.C.S.[Eng. & C], F.A.C.S.,t Winnipeg, Man.
C ystadenoma of the pancreas is a rare tu­
mour but the possibility that an individual 
pancreatic tumour may be a cystadeno- 
carcinoma must always be borne in mind. 
At times it is extremely difficult to dis­
tinguish between these two tumours o f the 
pancreas, in spite of all the modern diag­
nostic techniques and surgical exploration.
The present case report illustrates this 
difficult diagnostic problem.
Case Report
H.C., a 73-year-old Cree Indian woman 
from northern Manitoba, was hospitalized be­
cause of repeated attacks of biliary colic and
Fig. I.—Low-power microscopic view of cys­
tadenoma of the pancreas.
“ Department of Surgery, Winnipeg General Hos­
pital.
fDepartment of Surgery, University of Manitoba 
and Winnipeg General Hospital, and the Division 
of Surgery, Winnipeg Clinic, Winnipeg, Man.
Fig. 2.—High-power view showing cuboidal 
lining of cystic spaces.
cholecystitis. She had never been jaundiced. 
She had lost 20 lb. over the previous three 
months. On radiological examination, she had 
a non-functioning gallbladder. Laparotomy 
was done elsewhere on September 27, 1966 
with a view to performing a cholecystectomy. 
The gallbladder was markedly fibrosed and 
full of calculi. The liver was normal. A mass, 
10 cm. in diameter, which arose from the body 
of the pancreas, was discovered in the lesser 
sac. The mass was lobulated, fleshy and vas­
cular. It was freely mobile. A clinical diag­
nosis of carcinoma of the body of the pancre­
as was made. There was no evidence of in­
vasion or metastatic spread. In view of the 
possible need for resection of the pancreas in 
the future, the gallbladder was not removed. A 
biopsy was taken from the surface of the tu­
mour, a Penrose drain placed in the lesser sac, 
and the wound closed.
The surgical specimen consisted of greyish- 
white, transparent tissue in which no definite
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Fig. 3.—Early arterial phase showing displacement of the superior mesenteric and celiac trunks 
to the right. The transverse pancreatic artery is large. The upper jejunal arteries are displaced down­
wards and the splenic artery is displaced upwards by the mass.
pancreatic tissue could be identified. It was 
composed of cystic spaces bordered by low 
cuboidal epithelium (Figs. 1 and 2). The 
spaces were surrounded by thin, fibrous tissue 
walls. If it could be assumed that the remain­
der of the tumour was similar to this, the most 
likely diagnosis was cystadenoma of the pan­
creas.
On December 5, 1966 the patient was trans­
ferred to the Winnipeg General Hospital for 
further operation. She was an obese, Indian 
woman and was in no distress. The pertinent 
findings on physical examination were con­
fined to the abdomen, where a hard, non­
tender mass was readily identified in the left, 
upper quadrant. It was not pulsatile and 
moved on deep inspiration.
Laboratory findings were as follows: hemo­
globin 12 g./lOO ml.; white blood count 
5500/c.mm.; serum amylase 119 Somogyi 
units/100 ml.; the glucose tolerance test was 
normal; her prothombin time was 100%; 
serum proteins 7.4 g./lOO ml. (albumin 3.8 
g./lOO ml.); bromsulphalein (BSP) retention 
2.5% after 45 minutes; alkaline phosphatase
12.6 King-Armstrong units; serum glutamic 
oxaloacetic transaminase (SGOT) 20 units/ml.; 
serum glutamic pyruvic transaminase (SGPT) 
9 units/ml. and serum bilirubin 1 mg./lOO 
ml. The chest film showed moderate cardiac 
enlargement.
A selective celiac and superior mesenteric 
arteriogram was done. Green Odman catheters 
were advanced into the aorta from both 
femoral arteries and the celiac and superior 
mesenteric arteries catheterized. When both 
arteries were injected simultaneously (Fig. 3), 
the trunk of the celiac axis seemed to be dis­
placed to the right. The transverse pancreatic 
artery was large and there was immediate 
opacification of abnormal vessels in the body 
and tail of the pancreas. Subsequently, a large 
tumour “blush” appeared (Fig. 4) which out­
lined a tumour approximately 10 cm. in diam­
eter. The splenic and portal veins were patent 
(Fig. 5), but displaced somewhat to the right. 
These findings were consistent with a large, 
vascular tumour of the pancreas.
On December 9, 1966, the abdomen was 
explored again with the intention of removing
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Fig. 4.—Mid-arterial phase showing the tumour blush.
Fig. 5.—Venous phase demonstrates a patent portal vein, but no definite splenic vein.There are numerous, enlarged, venous channels in and around the tumour.
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the tumour. A cholecystectomy and common 
duct exploration were done first. We then be­
gan to dissect around the mass protruding 
from the pancreas. First, the greater curvature 
of the stomach was divided from the greater 
omentum to facilitate the approach to the 
tumour. The surface of the mass was covered 
with large, tortuous veins. The vascular 
tumour was freed from the surrounding struc­
tures. It had replaced the body and tail and 
extended into the head of the pancreas. Pos­
teriorly, in the region of the portal vein, the 
tissues were very vascular and the anatomical 
relationships were distorted and obscured by 
tortuous, friable veins. In this area dissection 
was very difficult. Each time we applied trac­
tion to the mass to facilitate the posterior dis­
section, the patient’s blood pressure dropped 
sharply. Because of the difficulty of dissection, 
the possible involvement of the portal system 
and superior mesenteric vessels, the periods of 
hypotension on manipulation, the age of the 
patient and the presumed benignity of the 
tumour, we abandoned our attempts at further 
dissection and closed the abdomen.
In the postoperative T-tube cholangiogram 
(Fig. 6) contrast medium entered the duo­
denum readily and its reflux into the stomach 
outlined the pancreatic tumour. The common 
bile duct and intrahepatic radicles were well 
outlined. The pattern of the bile ducts within 
the liver suggested a moderately large space- 
occupying lesion, just above the junction of 
the right and left hepatic ducts. There was also 
a suggestion of a similar defect of about the 
same size just lateral to the lesion. A short 
portion of the distal pancreatic duct was also 
outlined. A liver scan confirmed that there was 
an 8 x 7-cm. non-functioning area in the right 
lobe.
The patient was discharged from hospital 14 
days after operation to the care of her family 
doctor. One month after discharge she died 
suddenly in Pukatewagan, northern Manitoba, 
presumably from a stroke and heart failure. 
No postmortem examination was obtained.
D isc u ssio n
Cystadenoma of the pancreas is a rare 
tumour. A single surgeon will encounter 
few of these tumours in his lifetime. Ap­
proximately 170 benign cystadenomas have 
been reported to date. In 27 years, among 
2,182,427 admissions to Charity Hospital, 
New Orleans, only seven such tumours 
were recognized.1 The patient is usually a 
middle-aged woman who presents with the
Fig. 6.—Postoperative T-tube cholangiogram. 
The contrast medium enters the duodenum readily 
and the reflux into the stomach outlines the 
pancreatic tumour. The pattern of bile ducts within 
the liver suggests a moderately large space-occupy­
ing lesion above the junction of the right and left 
hepatic ducts.
symptoms of a slowly expanding lesion in 
the upper abdomen. A palpable mass is 
frequently present. In some series, women 
outnumber men by nine to one.1 In Camp­
bell and Cruickshank’s series,2 all 14 pa­
tients were women. These patients may 
have pain and dyspepsia, and the tumour 
may have been present for many years. 
These were the findings in 80% of the 
patients described by Mozan.3 The tumour 
may arise in any part of the pancreas but 
is most common in the body and tail. 
Occasionally it is pedunculated but usually 
is embedded in, or has replaced, the pan­
creatic tissue. The average tumour is 10 
cm. in diameter but may be much larger 
or smaller. Occasionally, diabetes mellitus 
is associated and was present in 8 of the 
56 patients described by Mozan,3 and in 2 
of the 20 reviewed by Piper, ReMine and 
Priestley.4 Characteristically, this tumour is 
very vascular and has huge, dilated veins 
coursing over its surface. If it is cystic the 
contents of the cysts may be clear, turbid 
or hemorrhagic, and of a consistency that 
may be viscoid, mucoid or gelatinous. The 
fluid may or may not contain pancreatic
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enzymes. The tumour occurs earlier than 
carcinoma of the pancreas, the highest in­
cidence is in the fifth and sixth decades.1
When the tumour involves the head of 
the pancreas, jaundice is infrequent.3 Six 
of Piper’s 20 patients4 had gallbladder dis­
ease, but there is probably no direct rela­
tionship between the two conditions. In 
one of his patients, as in the present case, 
the cystadenoma was found during chol­
ecystectomy for cholelithiasis. Occasion­
ally, the tumour may give rise to severe 
gastrointestinal bleeding.2
Glenner and Mallory5 have produced 
evidence that the cystadenoma arises in 
the pancreatic ducts. Sixty-four per cent 
of simple cystadenomas were composed of 
cysts lined by low cuboidal, cuboidal or 
columnar epithelium, or a combination of 
these types. In 32% the epithelium had 
proliferated and produced papillary pro­
jections into the lumina of the cysts. Glen­
ner and Mallory5 and Piper, ReMine and 
Priestley4 consider these papillary cysta­
denomas to be low-grade cystadenocar- 
cinomas. Campbell and Cruickshank2 de­
scribed two histologic types: (1) small loculi 
lined with cuboidal epithelium, and (2) 
large cystic spaces filled with mucus and 
lined with tall mucous-secreting epithe­
lium. They considered the second type to 
be premalignant. Other authors8, 7 do not 
agree that the diagnosis of malignancy can 
be made from the findings of papillary pro­
jections alone. In spite of occasional evi­
dence of local invasion, they believe that, 
in the absence of microscopic evidence of 
malignancy, a papillary cystadenoma is a 
benign tumour. The problems of distin­
guishing benign and malignant cystadeno­
mas of the pancreas are well discussed by 
Malvy et al.8 The differences in interpreta­
tion encountered here are also seen with 
ovarian cystadenomas.
In any event, most authors agree that 
many cystadenocarcinomas arise in pre­
existing cystadenomas. Cornes and Azzo- 
pardi9 described 18 patients with cysta­
denocarcinomas of the pancreas, and show­
ed that these tumours have the same sites 
of origin, age, sex, and incidence as cysta­
denomas. The former are even more rare 
than the benign tumours. In addition, the
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finding, in malignant tumours, of areas 
microscopically indistinguishable from  
many seen in benign tumours suggests 
that malignant degeneration does occur. 
Some benign tumours were probably pres­
ent for years before malignant changes 
took place. In a patient whom Probstein 
and Blumenthal10 had followed for 10 
years, initial biopsy had shown a cystaden­
oma but, 10 years later, a second biopsy 
was reported as cystadenocarcinoma.
Cystadenomas must also be differen­
tiated from other cystic lesions of the pan­
creas, and mesenteric and omental cysts. 
Laboratory investigations are of little help 
in the differential diagnosis. The usual 
roentgenographic studies serve only to 
localize the lesion. On rare occasions, the 
stroma of the cyst may contain enough 
calcium to make the lesion radio-opaque in 
a plain film as in 2 of 20 cases reported by 
Piper, ReMine and Priestley.4 Outline of the 
tumour by selective angiography has re­
cently been reported.1114 This procedure 
is of considerable value because it defines 
the exact origin of the tumour, and dis­
plays its extremely vascular nature. This 
profuse vascularity and the subsequent 
vascular blush is characteristic of cys­
tadenoma. Such marked vascularity or dis­
tortion of vessels is not seen in carcinoma 
of the pancreas.12
Because the tumour is a true neoplasm, 
which has a definite malignant potential, 
total surgical excision, rather than mar­
supialization and drainage, is the treatment 
of choice. The natural history of cystade­
nomas of the pancreas is suggested by 
published reviews of the disease. In the 
20 patients reported by Piper, ReMine and 
Priestley4 the tumour was excised in 14 
and there was no recurrence up to 11 
years. In six patients tumours were not 
excised. One of these was still alive 15 
years and one three years later.
The tumour may involve the portal vein, 
superior mesenteric vessels, inferior vena 
cava or splenic vessels and, hence, excision 
may be difficult for the surgeon and dan­
gerous for the patient. Because the tumour 
is slow-growing, great operative risks 
should not be taken.
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S u m m a r y
A 73-year-old woman had a cystadenoma 
of the pancreas that was discovered at the 
time of laparotomy for cholecystectomy. 
The tumour, which was cystic and very 
vascular, arose from the body and the tail 
of the pancreas and, at operation, did not 
show gross features of malignancy. The 
liver contained no metastases. The tumour 
was freely mobile, and there was no evi­
dent peritoneal seeding. On biopsy, it was 
a benign cystadenoma. A selective celiac 
and superior mesenteric arteriogram dem­
onstrated a vascular tumour of the pan­
creas with no evidence of metastases. At 
the second laparotomy, performed for ex­
cision of the tumour, the distorted anat­
omy, the excessive vascularity of the tissue 
and the repeated fall in blood pressure en­
countered when the mass was retracted led 
us to abandon attempts at excision.
A postoperative T-tube cholangiogram 
and liver scan showed a space-occupying 
lesion in the liver. These findings suggest 
that malignant degeneration may occur in 
a portion of the cystadenoma with subse­
quent metastases. Because the patient died 
suddenly, a final, differential diagnosis be­
tween cystadenoma and cystadenocar- 
einoma was not made. This case illustrates 
the great difficulty in differentiating cysta­
denoma of the pancreas from cystadenocar- 
cinoma despite sophisticated diagnostic 
procedures, surgical exploration and bi­
opsy.
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R e su m e
Le cystadenome du pancreas est une rarete 
clinique. Un chirurgien n’en verra que peu de 
cas au cours de toute sa carriere. La litterature 
n’en signale qu’environ 170 cas benins. D’ordi- 
naire, une femme d’age moyen presente les 
symptomes d’une masse qui s’est developpee 
lentement dans l’abdomen superieur depuis des 
annees. Cette tumeur peut sieger dans n’importe 
quelle partie du pancreas, mais elle est generale- 
ment situee dans le corps et la queue de 1’organe. 
Fortement vascularisee, elle est parsemee super- 
fieiellement de veines fortement dilatees. Cette 
tumeur survient a un age moins avance que le 
cancer pancreatique. On 1’observe le plus souvent 
entre 50 et 70 ans. La possibilite de la presence 
d’un cystadenocarcinome doit toufours etre en- 
visagee. Le diagnostic differentiel entre ces lesions 
peut etre parfois difficile, malgre les nombreuses 
techniques diagnostiques existantes et meme par le 
recours a 1’exploration chirurgicale. Les cysta- 
denomes pancreatiques peuvent degenerer en 
tumeur maligne. Les auteurs exposent leur diffe­
rentiation histologique.
11 importe de toujours bien distinguer entre un 
cystadenome du pancreas et d’autres lesions 
kystiques de 1’organe. et des kystes du mesentere 
et de l’epiploon. Les examens radiologiques 
classiques ne servent qu’a localiser la lesion. Une 
angiographie selective est plus employee et peut 
£tre precieuse pour preciser l’origine exacte de la 
tumeur et pour mettre en lumiere sa nature 
extremement vasculaire.
Pour tenir compte de la possibilite de desrenere- 
scence maligne de cette tumeur. il sera preferable 
de pratiquer une exerese complete plutot qu’une 
simple marsupialisation avec drainage. La tumeur 
peut du reste s’etendre a des organes vitaux 
adjacents et rendre l’excision difficile. Etant donne 
la lenteur de la croissance de la tumeur, il ne 
faudra pas prendre de gros risques operatoires dans 
1’exerese.
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E X P E R I M E N T A L  S U R G E R Y
THE E FFE C T OF ILEAL BYPASS ON DIETARY-INDUCED 
ATHEROSCLEROSIS IN THE RABBIT"
J. A. OKUBOYE, M.D., COLIN C. FERGUSON, M.D., F.R .C.S.[C], F.A.C.S. and 
J. P. WYATT, M.D., W innipeg, Man.
It has frequently been suggested that 
hypercholesterolemia plays an important 
role in the development of atherosclerosis 
in man. Consequently, attempts have been 
made to reduce the serum cholesterol level 
by dietary means, by the use of drugs, and 
most recently by operative revision of the 
gastrointestinal tract.
It has been shown that cholesterol is ab­
sorbed exclusively in the small intestine 
and, preferentially, in the distal half.1’ 2 
On this basis, operations have been de­
vised to exclude the terminal half of the 
small bowel or the distal five-sixths of the 
ileum, by anastomosing the proximal small 
intestine to the colon. These procedures de­
crease the intestinal absorptive area, hasten 
the transit time of the intestinal contents, 
and reduce significantly the serum choles­
terol levels in experimental animals and in 
man.1’ 3’ *
Buchwald3 reported that prophylactic 
ileal bypass prevented atherosclerotic 
lesions in rabbits fed a high cholesterol 
diet. More recently, Scott et al.7’ used a 
similar technique to protect mongrel dogs, 
placed on a potent atherogenic regimen, 
from developing persistent hypercholester­
olemia and atherosclerosis.
These studies are important because 
atherosclerotic lesions may progress rela­
tively rapidly in man.6 Ileal-bypass opera­
tions have already been performed on pa­
tients expressly to lower serum cholesterol 
levels.1 Evidence now suggests3’ 5 that, 
under certain experimental conditions in 
some animals, ileal bypass can halt the pro­
gress of atherosclerosis. It has not been 
fully established, however, that lowering
“From the Department of Surgery, University of 
Manitoba, Winnipeg, Man.
Presented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of Canada, 
Ottawa, Ont., January 1967.
Supported by Manitoba Heart Foundation Grant 
No. G-461.
serum cholesterol levels will cause a re­
gression of the atherosclerotic lesions.
The present experimental study was car­
ried out to determine whether or not ather­
osclerosis once produced by dietary means 
could be arrested or reversed by ileal by­
pass.
M a t er ia ls  and  M ethods
New Zealand albino rabbits, 6 to 8 weeks 
old and weighing between 2 and 3 kg., 
were divided into four groups.
Group I (controls).—The six animals in 
this group were fed a standard rabbit 
chow." They were sacrificed after eight 
months.
Group I I .—The 20 rabbits in this group 
were fed the standard diet, enriched with 1 
g. of cholesterol daily. They were sacri­
ficed after four months.
Group I I I .—Eighteen animals were fed 
the same enriched cholesterol diet as 
Group II for eight months instead of four 
months.
Group IV .—Eighteen rabbits were fed 
the cholesterol-enriched diet for four 
months. At the end of this period, each ani­
mal was subjected to an ileal-bypass opera­
tion after the method of Buchwald,3 with 
slight modifications. The animals were al­
lowed to recover from the effects of the 
operation and were then fed the choles­
terol diet for an additional four months.
All the animals were weighed regularly. 
Monthly electrocardiograms were done, 
and the serum cholesterol levels were de­
termined frequently. Aortograms and cor­
onary arteriograms were done before sacri­
fice. At the end of the eighth month, the 
experiment was terminated; the surviving 
animals were killed and an autopsy was
“Rabbit Alfalfa Pellets (Victor Fox Foods Ltd., 
Winnipeg Man.) contain protein not less than 
16%, crude fat not less than 3%, crude fibre not 
more than 13% and alfalfa 30%.
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done. The extent and severity of athero­
sclerotic lesions of the aorta and coronary 
arteries were studied grossly and micro­
scopically. The findings were graded ac­
cording to the method of Gore and Tejada,7 
and by the gross grading scale,3 in which 0 
represents no lesion, -j- minimal, 
mild, -|—|—|- moderately severe, and
-|—|—|—|- severe degrees of atherosclerosis. 
The findings in the four groups were then 
compared.
R esults
A number of rabbits died during the ex­
perimental period either from incidental 
disease, or as a result of anesthesia or oper­
ation so that, at the conclusion of the ex­
periment, there were 5 animals in Group 
1, 20 in Group II, 15 in Group III and 12 
in Group IV.
Of the five animals in the Group I (con­
trols) that were fed a normal diet, none 
showed an abnormality in weight gain,
TABLE I.— G r o u p  II. Ser u m  C h o le ste r o l  
V a l u e s  an d  A o r tic  A th ero sclero tic  P r o file s  
w it h  M e a n , St a n d a r d  D e v ia t io n  ( ±  SD) and  
St a n d a r d  E r r o r  of M e a n  ( ±  SEM)
Serum cholesterol 
(mg. %)
Aortic
atherosclerosis
Rabbit
number 0 month 4 months
Atherosclerotic
profile
32 ............ 76 760 D3700
49 ............ 70 1151 B5500
29 ............ 50 263 0
8 ............ 42 422 0
12 ............ 53 237 0
34 ............ 37 708 D4600
6 ............ 66 1190 C2800
47 ............ 74 980 D2800
51 ............ 59 1014 B6400
55 ............ 36 524 B4600
23 ............ 37 141 0
27 ............ 74 694 Al*
26 ............ 40 708 Cl 900
20 ............ 66 826 D3700
14 ............ 91 312 Al*
17 ............ 91 926 Al*
21 ............ 78 726 Al*
38 ............ 67 610 0
24 ............ 107 148 0
11 ............ 57 1575 D1900
Mean........ 66.6 695.8
±  S D . 18.4 370.6
±  SEM . . . 4.11 82.9
*Group A lesion consisting entirely of grade 1 
variety.
serum cholesterol levels, or electrocardio­
grams. Postmortem examination at eight 
months did not reveal any evidence of 
atherosclerosis.
All the animals in the other groups con­
sumed high cholesterol rations and gained 
weight during the first four months of the 
experimental period. (Group II animals 
were then sacrificed.) In the second four 
months, differences in weight and dietary 
habits appeared between animals in Groups 
III and IV. Initially, after ileal bypass, 
Group IV rabbits ate poorly but, by the 
end of the fifth month, after they had com­
pletely recovered from the effects of their 
operation, they developed a better appetite 
and consumed the equivalent or slightly 
more food than the other groups. In gen­
eral, Group III cholesterol-fed rabbits lost 
weight during the second four months of 
the study. The ileal-bypass animals (Group 
IV) had a much more severe weight loss. 
In addition to their weight loss, these rab­
bits had bulkier, less well-formed stools 
and a tendency to diarrhea.
Serum Cholesterol Values
After four months, the cholesterol-fed 
rabbits (Groups II, III and IV) showed 
marked elevations of serum cholesterol 
levels. There were great variations within 
each group and a wide overlap between 
groups. The initial pre-experimental mean 
level in Group II rabbits was 66.6 mg. % 
(SD ±  18.4, SE ±  4.1). The value rose to 
695.8 mg. % (SD ±  370.6, SE ±  83) at the 
fourth month, when the animals were sac­
rificed (Table I).
The rabbits in Group III had an initial 
serum level of 68.7 mg. % (SD ±  18.4, SE 
±  4.5), which increased to 840.3, 724.2 
658.2 and 780.8 mg.% (SD ±  451, SE 
±  123.8) at the fifth, sixth, seventh and 
eighth months respectively (Table II).
Group IV animals (ileal-bypass) had a 
marked fall in their mean cholesterol levels 
following operation. From a preoperative 
mean level of 703.3 mg.% (SD ±  568.6, 
SE ±  164.3), the value fell to 71.3 mg.% 
at six months and 53.3 and 33.1 mg.% at 
the seventh and eighth months, despite 
continued feeding of the cholesterol- 
enriched diet (Table III). Fig. 1 com-
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T A B L E  II . G r o u p  I I I .  S e r u m  C h o l e s t e r o l  V a l u e s  and  A t h e r o s c l e r o t ic  P r o f il e s  w it h  M e a n ,
S ta n d a r d  D e v ia t io n  ( ±  S D ) AND iSt a n d a r d  E r r o r of M e a n ( ±  S E M )
S e ru m  cholesterol A o r tic
- I t {mg. % ) atherosclerosis
A therosclerotic
% Rabbit num ber 0  m o n th  4 m on ths 5  m o n th s 6  m onths 7 m onths 8  m on ths profile*
1 .................... ..............  48 190 190 396 231 201 B 2
2 .................... ............... 62 784 784 664 960 0 2
3 .................... ............... 84 312 312 764 762 — D 2
4 .................... ..............  61 1198 1198 81 50 116 A2
5 .................... ............... 85 942 942 978 735 807 D 2
- d 9 .................... ..............  53 1080 1080 738 764 1329 D 2
18 .................... ............... 61 331 331 37 268 381 0
k . 35 .................... ..............  56 230 230 146 111 216 0
39 .................... ..............  38 1129 1129 818 770 612 C 2
40 .................... ..............  75 1277 1277 958 774 1368 D 2
41 .................... ..............  93 702 702 777 1032 1086 D 2
43 .................... ..............  103 900 900 740 728 702 0 2
44 .................... ............... 56 1072 1072 946 768 1002 D 2
45 .................... ..............  87 1987 1987 1812 1185 1338 D 2__ i 46 .................... ..............  69 470 470 1008 735 993 A2
A M e a n ............... ..............  6 8 .7  8 4 0 .3 840 .3  7 2 4 .2 6 5 8 .2 7 8 0 .8
±  S D .............. ..............  1 8 .4  4 8 8 .1 488 1 4 4 5 .4 3 3 7 .0 4 5 1 0
±  S E M .......... ..............  4 .5  1 2 6 .1 126 .1 115.1 8 7 .0 1 2 3 .8
*A lesion  of G ro u p  B , C , D  or A  a n d  c o n s is tin g  e n tire ly  of g ra d e  2 ty p e  is s im p ly  w r i t te n  a s  B 2 , C 2 ,
r D 2  or A2.
p ares  th e  m ean , m o n th ly  cho leste ro l levels e ig h t-m o n th e x p e rim e n ta l p e r iod. F o u r  of
of th e  d iffe ren t g roups. th e  ra b b its in  this g ro u p  h ad  p e rs is te n t,
non-specific T  w a v e  a n d  S-T se g m e n t
changes w i th o ccas io n a l Q RS co m p lex
* E l e c t r o c a r d i o g r a p h  y changes, a ll of th ese w ere  c o m p a tib le  w ith
E le c tro card io g rap h ic  changes w e re  seen m y o card ia l ischem ia . N o su ch  c h a n g e s  w e re
only  in  th e  cho leste ro l-fed  an im als in seen  in th e G roup IV  (ilea l-bypass) ra b -
G ro u p  III a f te r  th e  six th  m o n th  of th e bits.
T A B L E  I I I . - -Gr o u p  IV  ( I l e a l -B y pa ss  G r o u p ). S e r u m  C h o l e s t e r o l . V a l u e s  a t  P r e  a n d  P o s t o p e r a t iv e
P e r io d s  and  'th e  A t h e r o s c l e r o t ic  P r o f il e s WITH M e a n , St a n d a r d  D e v ia t io n  ( ±  S D ) a n d  S t a n d a r d
E r r o r o f  M e a n  ( ±  S E M )
S e ru m  cholesterol A  ortic
{mg. % ) atherosclerosis
A therosclerotic
Rabbit num ber 0  m onth  4  m onths 5  m o n th s 6 m onths  7' m onths 8  m onths profile
33 .................... 44 1037 18 31 48 30 D 1 9 0 0
25 .................... 78 227 23 56 42 35 0
48 .................... 77 314 a 27 30 46 43 0
7 .................... 102 730 M 23 20 31 33 A 2800
22 .................... 48  614 > 105 26 41 24 D 1900
37 .................... 61 1320 n 121 37 33 26 D 2*
r x 36 .................... 92 598 » 41 34 32 27 0
52 .................... . . . 56 161 m 211 43 31 36 0
53 .................... 46 474 > 246 35 39 33 D 2*
30 .................... 73 430 gg 350 66 42 40 B 2-1**
31 .................... 49 2164 890 457 225 32 A l-2 * *
42 .................... 50 370 254 20 29 38 B 2-1**
' h
M e a n ............... 6 4 .6  7 0 3 .3 192. 4 7 1 .3 5 3 .3 33. 1
±  S D .............. 1 9 .4  5 6 8 .6 245 . 8 1 2 2 .2 54 .4 5 .7 4
db S E M .......... 5 .6  1 6 4 .3 71 0 3 5 .3 15.7 1 .7
T
’G ro u p  D  lesion c o n sis tin g  e sse n tia lly  of g ra d e  2 v a r ie ty .
1
**Lesions in tra n s itio n  p h a se  b e tw ee n  th e  f irs t  t\\ro g rad es .
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Fig. 1.—Comparison of the mean monthly 
serum cholesterol values in mg.% (all groups).
Aortograms and Coronary Angiograms
These procedures were generally unsat­
isfactory. No clear definition of narrowing 
or irregularity of lumen of the large vessels 
could be achieved with the technique used, 
even in the presence of severe atheroma­
tous lesions, which were demonstrated 
later at autopsy. Two animals in Group 
III showed what appeared to be beading 
of the coronary vessels with some luminal 
narrowing. No other diagnostic features 
were noted.
Aortic Atherosclerosis
After four months of cholesterol feed­
ing, as judged by the criteria of Gore and 
Tejada,1 70% of the animals in Group II 
(four-month cholesterol-fed) had atheroma­
tous lesions of the aorta. Thirty-five per 
cent had moderately severe and severe (C 
and D) lesions involving 35 to 100% of the 
total aortic intimal surface. Another 35% 
had lesions of mild and moderate degrees 
(A and B). Thirty per cent of the rabbits 
had no lesions in the aorta. The lesions in 
this group of rabbits consisted of a com­
bination of fatty streaks (grade one) and fi-
Fig. 2.—Heart anti aorta of a Group II rabbit 
(four-month cholesterol-fed) showing irregular in­
timal thickenings due to atheroma. The lesions 
consist of both fatty streaks and fibrous plaques 
(atherosclerotic profile D 3700).
brous plaques (grade two) and were 
preferentially distributed in the ascending 
aorta, the arch and the descending aorta in 
that order (Fig. 2).
When cholesterol was fed for eight 
months (Group III), the atheromatous 
lesions in the aorta became more severe 
and more widespread. Eighty-six per cent 
of the rabbits in this group were affected; 
67% had moderate to severe (C and D) 
lesions. Thirteen per cent had no aortic 
atheromatous lesions. The lesions in this 
group were scattered, matted together and 
consisted of fibrous plaques (grade two 
lesions), with atherosclerotic “profiles” of 
D2 and C27 in the majority of instances. 
Fig. 3 shows an atheromatous aorta of 
a Group III rabbit with an almost 100% 
intimal involvement.
The aortas of the ileal-bypass (Group
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Fig. 3.—Heart and aorta of a rabbit from Group III with severe aortic atherosclerosis. Notice the thickness of the wall and the irregularity of the intimal surface caused by a heavy deposition of fatty plaques in the intima (atherosclerotic pro­file D2).
IV) rabbits also showed some atheromatous 
lesions, but these were less widely distrib­
uted and less severe than in the other 
eholesterol-fed groups. Sixty-seven per 
cent of the animals in this group had aor­
tic lesions but only 33% had moderate to 
severe lesions, as compared to 67 % in 
Group III (fed the same amount of choles­
terol for the same period but without ileal 
bypass) and 35% in Group II (four-month 
cholesterol-fed). This may indicate that the 
atherosclerosis was arrested and that the 
lesions that had developed during the first 
four months of cholesterol feeding (before 
the ileal bypass) had regressed. The lesions 
in the ileal-bypass group consisted of fatty 
streaks (grade one) and fibrous plaques 
(grade two). Three of the animals, how-
Fig. 4.—Aorta of an atherosclerotic rabbit (Group IV) four months after ileal-bypass operation. The intimal lesions are wrinkled and fibrous and show evidence of regression when compared with speci­mens from Group III animals.
ever, had atypical lesions, which were 
blurred, wrinkled, and resembled lesions in 
transition from fibrous atheromatousplaques to less distinct lesions (Fig. 4).
Coronary Atherosclerosis
The findings on microscopic examination 
of sections of the heart and coronary ves­
sels in the various groups were almost par­
allel to those in the aortas. There was, on 
the whole, much less involvement of the 
coronary arteries than of the aortas in all 
the hypercholesterolemic, atheromatous groups. Six of the 20 animals in Group II 
(cholesterol-fed for four months) had mild to moderate (+1 to + 2 )B coronary athero­
sclerosis. Only 2 of the 12 rabbits that had 
had an ileal bypass had coronary lesions, 
while 12 out of 15 of Group III (eight-
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Fig. 5.—Transverse section of a normal coronary artery from a control (Group I) rabbit (left), 
compared with a similar section of atheromatous coronary artery from Group III animal (righ t). (H  & 
E, original magnification x 25)
month cholesterol-fed) had varying degrees 
of coronary atherosclerosis, some of which 
was severe (Fig. 5).
The average atherosclerotic involvement 
of the aorta and coronary arteries of the 
experimental groups is compared in Table 
IV.
TABLE IV.—D is t r ib u t io n  and Av era g e  D e g r e e  
of At h e r o sc l e r o sis  b y  th e  T ra d ition al  G rading 
— A l l  G r o u ps
Experimental group Aorta
Coronary
arteries
Group 1 (controls) (5 ) ............. — —Group I I  (four m onths on cholesterol diet) (20)......... . +  + +Group I I I  (eight m onths on cholesterol diet) (15)......... . + + + +  +Group IV (ileal bypass +  cholesterol diet) (12)......... . +  + < +
The figure in brackets is the num ber of animals in each group.
Gross Appraisal of Other Tissues and 
V  iscera
In general, the hypercholesterolemic, 
atherosclerotic rabbits had fatty livers, and
pale, moderately enlarged spleens and kid­
neys. A number of the rabbits had radial 
cholesterol deposits in their irises, and 
some developed xanthomatous lesions of 
the feet. The numbers of these lesions in­
creased with the duration of the feeding of 
the cholesterol-enriched diet. The Group 
IV, ileal-bypass rabbits had normal kid­
neys, livers and spleens when sacrificed at 
the eighth month. The xanthomatous 
lesions and radial cholesterol deposits, 
which were observed at the fourth month 
(before the ileal bypass), had healed or 
disappeared, indicating that the bypass had 
“cleared” excess lipid and cholesterol de­
posits from the organs and tissues.
Histological Findings
Hematoxylin, eosin and fat-stained sec­
tions of organs and tissues from Group II 
(four-month cholesterol-fed) and Group 
III (eight-month cholesterol-fed) rabbits 
showed excessive amounts of fat-staining 
material.
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V
Fig. 6b
Fig. 6.—(a) Rabbit aorta, Group II. Transverse section showing marked thickening of the intima due to atheroma. The lesion consists of lipid-laden cells, cholesterol clefts and connective tissue (H & E x 25). (b) Typical atheroma from the aorta of a Group III (eight-month cholesterol-fed) rab­bit showing the great thickness of the lesion, the presence of calcification (C) and damage to the tunica media (arrows) (H & E x 25). (c) Section
Sections of atheromatous aortas from Group II rabbits showed thickening of the 
intima with foam cells and a matrix laden 
with lipid material (Fig. 6a). Lesions of the 
aorta from Group III rabbits were prolif­
erative, much thicker and older than those 
of Group II. In addition to the foam cells 
and fibrohyaline tissue there was evidence 
of calcification and medial degeneration 
(Fig 6b). Sections of atheromas taken from 
the aortas of the ileal-bypass rabbits 
showed atheromatous lesions which were 
regressive and non-proliferative. There was 
excess fibrous tissue in the intima and 
only a few foam cells, cholesterol clefts or 
oil-red-0 staining lipids (Fig. 6c).
Microscopic examination confirmed the 
presence of myocardial infarcts in two 
Group III rabbits. No infarcts were found 
in Group II or Group IV animals.
D iscussion
Numerous workers810 have produced 
atherosclerotic lesions in rabbits by feeding 
a high cholesterol diet. With a cholesterol 
supplement of I g. daily, we have pro­
duced both hypercholesterolemia and 
atherosclerosis in rabbits. In Group II rab­
bits, for example, the pre-experimental 
mean cholesterol level rose from 66.6 to 
695.8 mg.% after four months on the chol­
esterol diet. Among the experimental 
groups, marked individual variations were 
seen, and values rose to 2000 mg.% or 
more in some animals.
The bypass of approximately 50% of the 
distal small intestine at four months was 
uniformly successful in lowering serum 
cholesterol to normal and even subnormal 
levels, and also in protecting the rabbit 
from further proliferation of the athero­
sclerotic lesions. Group II rabbits (high 
cholesterol-fed and sacrificed at four 
months) had moderate degrees of aortic 
atherosclerosis and 30% had coronary atheromas. After eight months on the 
cholesterol diet, the rabbits in Group III
of the aorta of a Group IV (ileal-bypass) rabbit showing intimal thickening which consists mainly of fibrohyaline tissue with few foam cells. Note the absence of proliferation and the fibrotic re­gression when compared with lesions seen in Group III animals. (Masson trichrome x 25)
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had the most severe aortic and coronary 
atherosclerosis; about 87% of the group 
were so affected. Sixteen per cent of the 
rabbits in the ileal-bypass group had cor­
onary atherosclerosis and about the same 
atherosclerotic profiles as the Group II 
animals, sacrificed at four months. In addi­
tion, the lesions in the ileal-bypass group 
were non-proliferative and some had re­
gressed.
The action of ileal bypass in lowering 
serum cholesterol levels and protecting 
these rabbits from atherosclerosis in the 
face of a continued cholesterol diet is part­
ly explained by the independent but com­
plementary works of Hoffman,11 Berg­
strom12 and Danielsson.13 Ileal bypass di­
minishes the transit time of the intestinal 
contents, including ingested fats and chol­
esterol, reduces the absorption of ingested 
cholesterol and the re-absorption of bile 
and endogenously derived cholesterol. It 
also abolishes the re-absorption of bile 
salts which can be synthesized only from 
cholesterol. This combination of factors 
impairs the delicately balanced feedback 
mechanism, and thus causes a marked low­
ering of the total body cholesterol pool in­
cluding plasma cholesterol.
Summary
White New Zealand rabbits, 6 to 8 
weeks old and weighing approximately 2.5 
kg. were used to study the effects of a high 
cholesterol diet fed for periods of four and 
eight months. The effect of ileal bypass on 
hypercholesterolemia and atherosclerosis 
induced by this diet was also investigated.
Rabbits fed the high cholesterol diet de­
veloped hypercholesterolemia, maximal at 
about the fourth to the fifth month. In the 
majority of rabbits, this hypercholesterol­
emia was followed by the development of 
aortic and coronary atherosclerosis. The 
severity of atherosclerosis so produced was 
directly proportional to the elevation of 
serum cholesterol and the length of time it 
was maintained.
Ileal bypass in rabbits with pre-estab­
lished hypercholesterolemia and athero­
sclerosis, reversed the hypercholesterolemia 
and arrested the atherosclerosis despite the 
continued high cholesterol diet. Excess
lipid accumulations in the extravascular tis­
sues were cleared and evidence was ob­
tained to suggest that a partial reversal of 
pre-established atheromatous lesions could 
be achieved by this operation.
The authors are indebted to Dr. Ian Morrow of 
the Winnipeg General Hospital for his assistance 
with the aortograms and coronary arteriograms, 
and to Dr. G. Cumming of The Winnipeg Chil­
dren’s Hospital for interpreting the electrocardio­
grams.
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R e su m e
Des lapins blancs de Nouvelle Zelande ont ete 
nourris au moyen d’un regime riche en cholesterol 
pendant quatre mois. Tous ont alors presente de 
Thypercolesterolemie. Un groupe d’animaux ont 
ete sacrifies apres quatre mois de ce regime. Ces 
animaux presentaient une atherosclerose moderee 
particulierement sur l’aorte thoracique et 30% 
d’entre eux avaient de l’atherosclerose coronaire. 
On donna a deux autres groupes d’animaux le re­
gime atherogene pendant une periode supplemen- 
taire de quatre mois. Puis les animaux d’un de ces 
groupes regurent alors le meme regime athero­
gene pendant quatre autres mois. On pratiqua 
alors une derivation ileale sur les animaux de ces
groupes. Ce dernier presenta une nette diminu­
tion du cholesterol serique.
On sacrifia les lapins a huit mois et on evalua 
l’etendue des lesions d’atherosclerose. Les ani­
maux du groupe non operes presentaient des le­
sions atherosclereuses plus etendues comparees a 
celles du groupe d’animaux sacrifies a quatre mois.
Les lapins qui avaient une derivation ileale pre­
sentaient une atherosclerose nettement moins 
grave que les animaux non operes ayant ete ali- 
mentes pendant huit mois sous le regime athero­
gene. Par comparaison avec le groupe d’animaux 
sacrifies a quatre mois, les lapins porteurs de la 
derivation ileale presentaient le meme nornbre de 
lesions dans l ’aorte, mais ces lesions etaient moins 
graves. Seulement 16% de ces animaux avaient de 
l’atherosclerose coronaire.
PROSTH ESES FOR ILEOSTOM IES
The prosthetics of ileostomy is of particular 
importance not only because a satisfactory 
prosthesis is indispensable for an active and 
social life, but also because the number of 
ileostomies is increasing rapidly. The latest 
development in the prosthetics of ileostomy 
has opened up the possibility of a purely pros­
thetic management of colostomy without the 
burden and risks of irrigation.
The first successful ileostomy appliance was 
invented by A. A. and A. F. Strauss more than 
20 years ago, and the vast majority of the ap­
pliances used at present are of the Strauss 
type. This consists of a rigid circular disc with 
a hole in the centre for the ileal stoma, the 
disc being cemented to the abdomen with rub­
ber cement or, if this is not tolerated, with 
Karaya gum. The decisive feature of the 
Strauss appliance, apart from the use of ce­
ment, is the rigid disc.
In a different category are the disposable or 
postoperative self-adhesive pouches. They are 
simple polyethylene envelopes provided with 
a double-faced adhesive sheet on one side in 
which the user cuts a hole for the stoma and 
then sticks the envelope to the abdomen. The 
main use of such envelopes is for catching the 
afterflow after colostomy irrigation. A common 
shortcoming of all these appliances is that the 
skin in the immediate surroundings of the 
stoma is open to attack by the proteolytic en­
zymes of the ileal discharge, which can excor­
iate or dissolve it within hours.
The author describes with illustrations an ap­
pliance that he designed in 1958 and 1959.
The essential feature of this new appliance is 
that the bare area of the skin within the cut­
out is covered with a layer of Karaya gum, 4 
to 6 mm. deep, so that the stoma and the ad­
jacent skin are embedded in it. With the access 
of moisture in use, Karaya forms a rubbery 
adhesive jelly, which is an ideal connection be­
tween organic tissue and inorganic attachment. 
The layer of Karaya is kept in place by cover­
ing with a soft sponge-rubber-filled cushion, of 
the shape of a flat doughnut with a hole fitting 
the size and shape of the stoma.
The experience since 1959 has shown that 
the cushion-disc appliance has a greatly su­
perior performance in every respect. As a rule, 
the minimum duration of wear without rece­
menting is a week; many patients recement it 
every two or three weeks, and one month’s 
wear has been reported repeatedly. During this 
time of course, the pouch is repeatedly re­
placed by a cleaned and deodorized one or by 
another disposable pouch. Used with a very 
thin polyethylene liner provided with a collar 
compressed between the pouch ring and the 
cushion, the new appliance provides the first 
really practical colostomy prosthesis. It makes 
cleaning unnecessary because the very thin 
lining can be flushed away, and it eliminates 
the odour problem because modern techniques 
permit the production of a lightweight outer 
pouch which is impermeable to odour for any 
length of time. If such appliances can be made 
available commercially, colostomy management 
by irrigation will no longer be mandatory.— 
Orowan, E .: Medical intelligence: current con­
cepts; prostheses for ileostomies, N ew  Eng. J. 
Med., 276: 571, 1967.
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THE USE OF HYPERBARIC OXYGEN IN THE TREATMENT OF 
EXPERIMENTAL FROSTBITE*
J. A. OKUBOYE, M.D. and COLIN C. FERGUSON, M.D., F.R.C.STC], F.A.C.S.,
Winnipeg, Man.
There are two major theories concerning 
the pathogenesis of frostbite. The first, put 
forward by Lewis,1 Meryman,2 and Piro- 
zynski and Webster,8 states that cold injury 
directly damages the tissue cells. The 
second, advanced by Bellman and Adams- 
Ray,4 Kreyberg,5 Lange and Boyd6 and 
others,7 maintains that cold produces in­
jury to the endothelial lining of small 
blood vessels with a consequent increase 
in capillary permeability, loss of fluid from 
the circulation and intravascular, cellular 
aggregation in the injured area. The clump­
ing of the red blood cells causes occlusion 
of small blood vessels with resulting tissue 
ischemia and necrosis.
If injury is due entirely to the direct 
action of cold and is irreversible, then sup­
portive treatment is all that can be ad­
vocated. If, on the other hand, any part of 
the ultimate gangrene is due to a reversible 
vascular factor, such as anoxia of the 
tissues due to the diminished circulation of 
the red blood cells, measures designed to 
relieve local tissue anoxia may be helpful.
In the past, heparinization has been used 
to prevent intravascular thrombosis but the 
results have been inconclusive.2' 8 Mundth, 
Long and Brown,9 working with rabbits, 
claimed satisfactory results using low mole­
cular weight dextran, which was shown to 
improve tissue survival after a standard 
freezing injury. This result was ascribed to 
the increased capillary flow and to diminu­
tion of red-cell aggregation. Penn and 
Schwartz,10 however, found that this thera­
peutic agent was of little value in the treat­
ment of experimental frostbite in dogs.
Bigelow,11 studying the microcirculation 
in animals, showed that when an area of 
the capillary bed is blocked by red-cell 
aggregation, plasma continues to stream by 
the stranded immobile red cells. Under
°From the Department of Surgery, University of 
Manitoba, Winnipeg, Man.
Supported by Department of National Health and 
Welfare Grant No. 606-7-116.
these circumstances, it is postulated that 
the administration of hyperbaric oxygen at 
three atmospheres absolute, will increase 
the oxygen content of the plasma up to 20 
times and thus may enhance the oxygena­
tion of tissues with precarious viability. 
Smith12 reported that hyperbaric oxygen 
gave good results when used in the treat­
ment of a 44-year-old woman with frost­
bite of both feet.
Object of the Present Study
The aim of this experimental study was 
to determine whether hyperbaric oxygen 
would minimize tissue loss in frostbite pro­
duced in the hind foot of rabbits.
Materials and Methods
Forty, young, male and female, New 
Zealand, white rabbits weighing between 
2.5 and 3 kg. were used as the experi­
mental animals. A standardized freezing 
technique previously described by Dawson 
and Hardenbergh13 was used.
Method of Freezing
The animals were first anesthetized with 
intravenous sodium pentobarbital (Nem­
butal) in a dose of 15 to 20 mg./kg. body 
weight. Both hind feet were depilated by 
the topical application of a hair removing 
agent,* which was left on for 15 minutes 
and then washed off with warm water. 
This agent did not produce any local skin 
reaction. A deep-tissue thermocouple was 
carefully placed in the sole of the right 
foot, care being taken to avoid injury to 
the major vessels. The foot, with the ther­
mocouple in place, was then immersed to 
the level of the vestigial fifth toe in a 
water ethylene-glycol-ethanol bath. The 
bath temperature was maintained at -20 
±  1° C. by the addition of dry ice as re-
*Neet (Whitehall Laboratories Ltd., Toronto, 
Ont.) which contains calcium thioglycolate.
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quired. The tissue (foot) temperature was 
recorded every five minutes throughout 
the freezing procedure. The rectal, bath 
and room temperatures were also measured 
at frequent intervals.
Fig. I.—Foot-tissue temperature curve (all 
groups). The freezing point of the tissue was in­
dicated by the point below 0° C. where the tissue 
temperature curve fell sharply.
By the standardized freezing method 
adopted, the point below 0° C. where the 
tissue temperature falls abruptly, was re­
garded as the freezing temperature of the 
tissue (Fig. 1). The foot was maintained 
at this temperature for 18 minutes. It was 
then removed from the freezing bath and 
immediately rewarmed until the foot tem­
perature read 39.5° C. The rewarming was 
performed by immersing the foot in a water 
bath kept at a constant temperature of 42° 
C. At this stage, the thermistor probe was 
removed. The foot was dried and carefully 
wrapped in sterile gauze. Each animal re­
ceived a prophylactic dose of 200,000 units 
of Crystamycin (0.5 g. penicillin and 0.5 
g. streptomycin) intramuscularly. This 
dose was repeated daily for five days. The 
animals were fed ordinary rabbit chow and 
kept in individual cages. Dressings were 
changed as required.
Hyperbaric Oxygenation
The groups of rabbits to be pressurized 
were placed in the hyperbaric oxygen cham­
ber.* The chamber was flushed with 100% 
oxygen for five minutes. When the atmos­
phere within the chamber was saturated 
with 100 % oxygen, the pressure was gradu­
ally increased over a 15-minute compres­
sion period to three atmospheres pressure 
(absolute). The oxygen flow rate was main­
tained at 5 l./min.
Depending upon the experimental group, 
the rabbits were left in the chamber for 
one or two hours. Decompression was grad­
ual over a 15-minute period after which 
the chamber was opened and the animals 
returned to their cages.
The standardized freezing and rewarm­
ing procedure described above was ap­
plied to all the animals. They were then 
divided into five groups each consisting of 
eight rabbits.
Group 7.—The controls. These rabbits 
were treated in the chamber for one hour 
daily for five days but were neither pres­
surized nor exposed to 100% oxygen. They 
were merely put in the chamber at ordinary 
atmospheric pressure and breathed room 
air.
Group Ha.—This group was treated im­
mediately after freezing and rewarming 
with hyperbaric oxygen at three atmos­
pheres pressure for one hour per day for 
five days.
Group lib .—This group was treated with 
hyperbaric oxygen maintained at three at­
mospheres for two hours daily for five days. 
The treatment was given immediately after 
the freezing and rewarming procedure.
Group Ilia .—This group was treated 
with hyperbaric oxygen at three atmos­
pheres pressure for one hour per day for 
five days, but after a 24-hour delay  follow­
ing freezing and rewarming.
Group I llb .—This group received treat­
ment with hyperbaric oxygen at three at­
mospheres for two hours daily for five days 
also after a 24-hour delay  following freez­
ing and rewarming.
“Borg-Warner small animal oxygen chamber, Mod­
el 00075 York Hyperbaric Oxygen Chambers; 
York Corporation, York, Penn.
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The rabbits in the various groups were 
observed for 30 days at which time the 
amount of tissue lost from the right foot 
of each was determined grossly and the 
limb photographed. A gross appraisal of 
tissue loss was made according to the fol­
lowing scale ( Fig. 2 ):
0 no tissue loss 
1-)- 25% tissue loss
2% 50% tissue loss
3 -j- 75% tissue loss
4% 100% tissue loss
Fig. 2.—Quantitative estimation of tissue loss; 
4 +  corresponds to 100%, 3 +  to 75%, 2 +  to 50% 
and 1 +  to 25%.
R esu lts
Of the 40 rabbits in the study, four died 
before the end of the 30 days of experi­
mental observation. Postmortem examina­
tions were performed on these animals but
no definite cause of death could be deter­
mined. At the end of the 30-day observa­
tion period, 36 rabbits were available for 
final assessment. They were distributed as 
follows: Group I eight rabbits, Group Ha 
six rabbits, Group lib  six rabbits, Group 
Ilia  eight rabbits, and Group Illb  eight 
rabbits.
The rabbits in Group lib  ( immediate 
treatment with hyperbaric oxygen at three 
atmospheres absolute, two hours daily for 
five days) had the smallest tissue loss. The 
mean tissue loss, according to the gross 
grading scale adopted (Fig. 2) was 1 +  . 
The percentage range of tissue loss was 0 
to 50% ( Tig. 3). None of the animals had 
a tissue loss of over 50% and, in two in­
stances, the rabbits had recovered com­
pletely from the frostbite by the thirtieth 
day.
Group I controls had the most severe 
tissue loss—a mean tissue loss of 3-f- and 
a tissue loss range of 25 to 100%. In none 
of these rabbits did the feet recover from 
the frostbite. Over one-half of them had 
gangrene of the toes and foot accompanied 
by loss of digits (Fig. 4).
The mean tissue loss in Group Ha was 
2 +  and the range was 0 to 100% (Fig. 5). 
This group was treated with hyperbaric 
oxygen (100% oxygen at three atmos­
pheres for one hour daily for five days) 
immediately following the standardized 
freezing and rewarming procedure.
The differences in the results of Group
Fig. 3. Mean tissue loss of Group lib  with the range of tissue loss per cent. Mean tissue loss v 
1 + ;  range of tissue loss =  0 to 50%.
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Fig. 4.—Mean tissue loss of 
Group I (controls) with range of 
tissue loss per cent. Mean tissue 
loss =  3 + ;  range of tissue loss 
=  25 to 100%.
Fig. 5.—Mean tissue loss of Group Ila, with range of tissue loss per cent. Mean tissue loss =  
2-|-; range of tissue loss =  0 to 100%.
lib  (M TL° of 1 +  and R T L % f 0 to 50), 
and those of Group Ila (M TL of 2 +  and 
RTL% 0 to 100) appear significant, since 
both groups received similar treatment ex­
cept for the length of time that the ani­
mals were left in the hyperbaric oxygen 
chamber daily. Group lib  was pressurized 
for two hours but Group Ila for only one
"Mean tissue loss.
fRange of tissue loss, per cent.
hour (Table I). The extra hour’s treatment 
given to Group lib may have been respons­
ible for the difference in the results of the 
two groups.
The effect of a 24-hour delay, before 
treatment with hyperbaric oxygen was be­
gun, is shown by the values of the mean 
tissue losses of Groups Ilia and Illb . The 
mean tissue losses of both groups were ap­
proximately the same, 2-)- (Figs. 6 and 7).
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The 24-hour delay in treatment seems to 
have nullified any effect of the different 
periods of exposure to hyperbaric oxygen 
in the two groups. Both groups were pres­
surized at three atmospheres daily for five 
consecutive days, but Group Ilia animals 
were pressurized for one hour while Group 
Illb  were pressurized for two hours.
This point is made more striking when
T A B L E  I .— M e a n  T is s u e  L oss of E x per im e n t a l  
G r o u ps  w it h  R an g e  P e r  C e n t  30 D ays 
a f t e r  F reezin g
Number Meanof tissue RangeGroup Treatment <mimals loss (%)
i(Controls' Nili 8 3 + 25-100
Ila HPO* (3 atm ./ 1 hr./day for 5 days)
6 2 + 0-100
lib HPO (3 atm ./ 2 hr./day for 5 days)
6 1 + 0-50
I l ia 24-hr. delay then HPO (3 a tm ./l hr./ day for 5 days)
8 2 + 0-75
Illb 24-hr. delay then HPO (3 atm ./2 hr./ day for 5 days)
8 2 + 0-100
*Hyperbaric oxygen.
the mean tissue losses of Groups Ha and 
lib (MTL 2 +  and MTL 1+) are com­
pared with those of Groups Ilia and Illb 
(MTL 2-ff each) (Table I).
A summary of the experimental groups, 
the mean tissue loss for each group and 
the ranges of tissue loss in per cent is shown 
in Table I.
D iscussion
In this experiment the method of stand­
ardized freezing described by Dawson and 
Hardenbergh,13 was applied in the face of 
two minor problems. First, in a few in­
stances, it was difficult to avoid causing 
minimal to moderate bleeding during the 
insertion of the thermistor probe in the 
foot. Second, since the probe was inserted obliquely to the longitudinal axis of the 
sole of the foot, it was difficult to place at 
the desired depth.Secondary infection of the frozen feet 
was minimal and did not appear to influ­ence the overall tissue loss in the various 
groups.Tire differences in the mean tissue loss 
per cent between the control group (MTL 
3+) and Group lib (MTL 1+) appeared significant. The percentage range of tissue
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loss of Group I controls (25 to 100% ) was 
also considerably higher than that of Group 
lib  (0 to 50% ). Since other experimental 
conditions were similar in these two 
groups, the lower mean tissue loss in Group 
lib  appeared to be due to a direct effect 
of hyperbaric oxygen. The exposure to 
100% oxygen at three atmospheres for two 
hours per day for five days (Group lib ) 
was the maximum treatment used in this 
study.
Group Ha (pressurized at three atmos­
pheres for one hour per day for five days), 
had a mean tissue loss of approximately 
2 +  (Fig. 5 ). Comparing this result to that 
of Group lib  (M TL 1-)-) (Fig. 3 )—the 
same pressure chamber conditions as Group 
Ha but with the daily exposure increased 
from one to two hours—it became appar­
ent that the length of time in the chamber 
is a significant factor.
Complete recovery from frostbite oc­
curred in two animals from Group lib  and 
one each from Groups Ila, Ilia and Illb  
(Figs. 3 and 5-7) but none from the control 
group (Fig. 4). This may indicate that, 
when it is used in the treatment of frost­
bite, hyperbaric oxygen offers a chance for 
recovery and reduces the mean tissue loss.
The finding that some of the treated ani­
mals had completely recovered at the end 
of 30 days and many others showed a 
marked improvement suggests that the 
standardized freezing used in this study 
was a reversible injury. Previous studies by 
Arena and Blain14 and also Friedman, 
Lange and Weiner15 showed that the re­
versibility of a cold injury and its response 
to therapy depended largely on the freez­
ing temperature and time of exposure to 
that temperature. They found that there 
was no recovery of tissue loss after exces­
sive freezing at very low temperatures.
The effect of a 24-hour delay following 
freezing and rewarming before the adminis­
tration of hyperbaric oxygen is shown by 
the mean tissue losses of Groups Ilia  and 
Illb. Each of the two groups had a mean 
tissue loss of 2-)-. Both groups were pres­
surized in the oxygen chamber at three 
atmospheres pressure (absolute) for peri­
ods of one and two hours daily for five 
days (Table I).
Evidence obtained in this study suggests 
that, in artificial frostbite in rabbits, the 
beneficial effect of exposure to hyperbaric 
oxygen is significantly reduced if the ex­
posure is delayed 24 hours or more.
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Su m m a r y  and C onclusions
Five groups of New Zealand rabbits were 
used to show the effect of hyperbaric oxy­
gen therapy on a standardized frostbite 
lesion of the foot.
The hyperbaric oxygen treatment con­
sisted of exposure of the various groups of 
animals to 100% oxygen at three atmos­
pheres pressure (absolute) in a small ani­
mal oxygen chamber. The period of expo­
sure was one hour or two hours daily for 
five days, following preliminary standard­
ized freezing and rewarming of the right 
foot. The control animals were subjected 
to the standardized frostbite injury but 
were not treated with hyperbaric oxygen. 
Antibiotics were administered prophylac- 
tically to combat secondary infection. The 
effect of a 24-hour delay, following the 
standardized freezing and rewarming, be­
fore hyperbaric oxygen treatment was also 
investigated. From the gross mean tissue 
loss of each group, calculated 30 days after 
freezing, we have concluded that:
(1 )  Hyperbaric oxygen, when adminis­
tered immediately after rewarming of the 
standardized frostbite lesion at three at­
mospheres pressure for a period of two 
hours daily for five days, reduced the mean 
tissue loss from 3-)- to 1 +  .
(2 )  The treatment with hyperbaric oxy­
gen at three atmospheres for only one hour 
per day for five days was less effective in 
reducing tissue loss.
(3 )  A 24-hour delay in beginning hyper­
baric oxygen reduced the effectiveness of 
the therapy although some diminution in 
the mean tissue loss was observed.
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Resume
L’auteur a utilise cinq groupes de lapins de 
Nouvelle Zelande pour montrer l’effet de l’oxy- 
genotherapie hyperbare sur une lesion de gelure 
etalonnee de la patte.
Le traitement de l’oxygenotherapie consistait a 
placer les divers groupes d’animaux dans une 
petite chambre a oxygene dans une atmosphere 
d’oxygene pur a trois atmospheres de pression (ab- 
solue). La periode de sejour a varie de une heure 
a deux heures par jour pendant cinq jours apres 
avoir au prealable gele la patte droite a un degre 
etalonne et 1’avoir rechauffee. Les animaux te- 
moins ont ete sounds a la lesion standardisee de 
gelure mais sans etre traites par l’oxygene hyper­
bare. La perte tissulaire moyenne des animaux de 
chaque groupe a ete calculee 30 jours apres con­
gelation.
L’oxygenotherapie hyperbare a permis de reduire 
la perte moyenne de tissu de 75% a 25% a condi­
tion d’etre admin istree immediatement apres re- 
chauffage de la lesion de gelure a trois atmos­
pheres de pression pendant deux heures par jour 
durant cinq jours. Ce meme traitement, mais ap­
plique seulement pendant une heure par jour cinq 
jours a ete moins efficace pour reduire la perte de 
tissu. Un retard de 24 heures apporte a commen- 
cer l’oxygenotherapie hyperbare a rendu ce traite­
ment moins efficace, bien qu’on ait constate une 
certaine reduction de la perte moyenne de tissu.
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THE MECHANISM OF PEPSIN SECRETION IN THE ISOLATED 
PERFUSED CANINE STOMACH0
K. C. DRITSAS, M.D.t and K. KOWALEWSKI, Ph.D., M.D., F.A.C.P.,* Edmonton, Alla.
The controversy over the mechanism of 
pepsin secretion continues. The hypothesis 
that pepsin output is an index of cholin­
ergic excitation of the peptic cell,1 al­
though widely accepted, is still unverified. 
A specific stimulus for pepsin secretion has 
not been found.
In comparison with all other known stim­
uli of gastric secretion, vagal activation, 
direct or indirect, induces the highest pep­
sin output. Atropine inhibits the release of 
pepsinogen granules from the peptic cell 
into the gastric lumen, but pepsinogen syn­
thesis continues unaffected.2
Histamine induces a typical pepsin re­
sponse, with an early peak and a decrease 
thereafter, which is considered by many to 
represent a “washout” effect.3'8
The pepsin response to gastrin is similar 
to that of histamine.911 Dragstedt, Walton 
and Woodward12 have shown that the pep­
sin response to gastrin is in an intermediate 
range, between that of histamine stimula­
tion and vagal activation.
Although it has long been known that 
gastric juice of low acidity has as little 
peptic activity as a gastric juice of high 
acidity.5, G the relationship between pepsin 
secretion and gastric pH has never been 
studied. Each stimulus, at its maximum 
effect, induces gastric secretion of varying 
pH. Wlodek and Leach13 have shown this 
to be the result of varying ionic fluxes 
across the gastric mucosal membrane (Fig. 
1). It is well known that maximum pepsino­
gen activation occurs in an optimal pH. 
We propose that the release of pepsinogen 
granules by the peptic cell into the gastric 
lumen is a pH-adapted process. This is the 
subject of the present investigation, which
“From the Surgical-Medical Research Institute, 
University of Alberta, Edmonton, Alta. 
tFellow in Experimental Surgery. Present address: 
Department of Surgery, University of Maryland, 
School of Medicine, Baltimore, Maryland 21201. 
Reprint address: Surgical-Medical Research Insti­
tute, University of Alberta, Edmonton, Alta, 
t  Professor of Experimental Surgery, Chief of Di­
vision of Surgical Research, University of Alberta, 
Edmonton, Alta.
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Fig. 1.—H + and Na+ content of gastric secre­
tion, in response to vagal activation (insulin), feed­
ing and histamine stimulation. (Reproduced by 
permission from G. K. Wlodek and R. K. Leach, 
Archives of Surgery, 93: 175, 1966.)
Is based on the perfusion of 30 isolated 
canine stomachs done between September 
1965 and June 1966.
M ethods
This study was conducted on a prepara­
tion described previously,14 in which mon­
grel dogs were used in pairs. One dog was 
used as the “stomach donor”, and the other 
as the “supporting” animal. In an extra­
corporeal circuit, previously described,14 
the stomach, isolated from the stomach- 
donor dog, was supported by the circula­
tion of the second (supporting) dog.
We modified the circuit in the following 
ways: (a ) Two or three weeks before the 
perfusion experiment, the stomach of the 
supporting dog was removed and the eso-
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phagus anastomosed to the duodenum. In 
this animal, because the pepsinogen sys­
tem is depleted, the only source of blood 
pepsinogen during the experiment was the 
perfused stomach, (b) Only the corpus of 
the stomach was isolated and perfused. 
The antrum was excluded because although 
the antral mucosa has no peptic cells its 
secretion contains a protease which be­
haves like pepsinogen.15 Fig. 2 shows the 
isolated corpus. The esophagus was 
transected proximal to a transfixion liga­
ture and the stomach was transected distal 
to a specially designed clamp. Landmarks 
for gastric transection were the greater 
curvature at the point where the left gas­
troepiploic artery meets with the right, and 
on the lesser curvature, the incisura angu- 
laris. Throughout the perfusion period, this 
preparation produced a blood-free gastric 
secretion, (c) The isolated stomach was 
placed in an airtight perfusion chamber 
and exposed to intermittent positive pres­
sure of 9/6 cm. IIjO, at a physiological 
rhythm, thus preserving the effect of res­
piration on the intra-abdominal pressure 
variation. This pressure was synchronized 
with intermittent negative pressure of 0 to 
6 cm. HoO applied to the venous reservoir, 
set at a level above the portal vein that 
produced a mean portal venous pressure
Fig. 3.—Perfusion circuit. OD =  oxygenator 
(supporting) dog; FA =  femoral artery; AR =  
arterial reservoir; AP =  arterial pump; PC =  
perfusion chamber; B =  mflating-deflating balloon, 
effecting intermittent positive pressure 9/6 cm. 
H»0, inside the perfusion chamber; A =  aorta; 
PV =  portal vein; VR =  venous reservoir; VP 
=  venous pump; FV =  femoral vein; HIP =  
histamine infusion pump. A modified animal res­
pirator for application of positive and negative 
pressures is also shown.
of 6 to 7 mm. Hg. These pressures were 
applied synchronously with a modified ani­
mal respirator, so as to preserve the effect 
of respiratory dynamics on venous return, 
directly through increase in intrathoracic 
negative pressure, and indirectly through 
increase in intra-abdominal positive pres­
sure.16 The portal venous cannula was par­
tially occluded to preserve the hepatic re­
sistance to portal venous flow. The degree 
of occlusion was determined by the diastol­
ic portal venous pressure, which was kept 
at 5 mm. Hg. The perfusion circuit is 
shown in Fig. 3. All perfusions were at 
body temperature at blood flows of 
4 to 5 ml./kg. body weight of donor dog 
per minute. Heat loss from the blood in the 
circuit was prevented by a heating lamp. 
The temperature inside the perfusion 
chamber was kept at 37° to 38° C. by 
warm water circulated through its outside 
partition (Fig. 4).
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Fig. 4.—PC =  perfusion chamber partitioned, 
for warm water circulation from thermostat (T), 
with the water pump (WP).
Gastric secretion was collected at hour­
ly or half-hourly intervals for the determi­
nation of pepsin, pH, electrolytes, free and 
total hydrochloric acid (HC1). Pepsinogen 
was studied at hourly intervals in the gas-
13 GASTRIC PEPSIN 
o PEPSINOGEN PV 
X 10 X 1000 • PEPSINOGEN GA
Fig. 5.—Group I. Relationship of gastric pH, 
total acid, gastric pepsin, and blood pepsinogen. 
PV =  portal venous; GA =  gastric arterial.
trie arterial and portal venous blood of the 
isolated stomach. Blood pepsinogen was 
determined in the totally gastrectomized 
(supporting) dog, immediately before the 
beginning of perfusion. Peptic activity in 
the gastric secretion was determined with 
Anson’s method, and in plasma with Mir- 
sky’s method with some modifications,17 
and expressed in micrograms of tyrosine 
per millilitre of blood or gastric secretion. 
The perfusion time varied from 4 to 11 
hours. The investigation involved three 
groups of experiments.
Group I .—Twenty isolated stomachs 
were stimulated with histamine dihydro­
chloride, given in the arterial line of the 
perfusion circuit with the Harvard infu­
sion apparatus at rates of 0.006 to 0.012 
mg./min.
Group I I .—Five isolated stomachs were 
perfused but not stimulated. In this group, 
the activity of the peptic cell was evaluated 
under resting conditions.
Group ///.—Instillation experiments were 
done in five isolated stomachs. The pH of 
gastric mucosa was monitored with instilla­
tion of HC1 into the lumen of non-stimu-
Q3 GASTRIC PEPSIN 
O PEPSINOGEN PV
Fig. 6 .—Group I. Same as Fig. 5.
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Fig. 8.—Group I. Same as Fig. 7. Compared 
with Fig. 7, HC1 concentration is higher, sodium 
concentration lower and the pH  below the range of 1.4 to 2.4. Gastrin pepsin decreases, following a 
peak a t a pH  within the 1.4 to 2.4 range. SR =  secretory rate.
R esults
Gastric Pepsin
In the dogs in Group I, in which peptic 
activity was correlated with the pH of gas­
tric secretion, two patterns of pepsin out­
put emerged (Figs. 5 and 6). The biphasic 
pattern with two pepsin peaks (Fig. 5) was 
obtained in 15 of the 20 experiments in this 
group. Both pepsin peaks correlate with a 
gastric pH in the range 1.4 to 2.4, while 
peptic activity is low when the gastric pH 
is either above or below this range. In five 
experiments in this group, the pH of the gastric secretion remained in the range 1.4 
to 2.4 throughout the perfusion period; in 
these, pepsin output increased continuously (Figs. 6 and 7). Figs. 7 and 8 also illus­trate the relationship between sodium con­
tent and the pH of gastric secretion.
In Group II, the activity of the peptic 
cell under resting conditions as reflected in 
blood pepsinogen and gastric pepsin, is 
shown in Fig. 9. The stomachs in this group
produced juice with high pH but little 
pepsin, and raised the blood pepsinogen to 
normal levels within four hours. Fig. 10 
shows the effect (Group III) of instilling 
HC1 into the gastric lumen during the rest­
ing period in an attempt to acidify the gas­
tric mucosa, and of instilling glycine buffer 
(pH 5.6) during histamine stimulation, in an 
attempt to raise the gastric pH within the 
1.4 to 2.4 range. The effect of HC1 on pep­
sin output was not as great as that of gly­
cine buffer.
Blood Pepsinogen
Before gastric perfusion, the blood pep­
sinogen of the supporting (totally gastrec- 
tomized) dogs, varied between 16 and 100 
/tg./ml. of blood. During perfusion, the non- 
stimulated, isolated stomach produced little 
pepsin but was able to raise the blood pep­sinogen by approximately equal hourly in­
crements, reaching the normal blood level of 500 /j.g./ml. within four hours (Fig. 9).18 
Stimulated stomachs that produced pepsin
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□  GASTRIC PEPSIN 
o PEPSINOGEN PV 
X 10 • PEPSINOGEN G A
Fig. 9.—Croup II. Relationship of gastric pH, 
gastric pepsin and blood pepsinogen.
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Fig. 10.—Group III. Same as Fig. 9. Interrupted 
diagonal line indicates the averaged time-course 
restoration of blood pepsinogen during perfusion 
of non-stimulated (non-pepsin-secreting) stomach.
raised the blood pepsinogen by unequal in­
crements, reaching the normal blood level 
at a comparatively slower rate (Figs. 5, 6,10 
and 11). A drop in blood pepsinogen, either 
immediately before or concomitant with 
the augmentation in gastric pepsin is also 
noted in these figures.
D is c u ssio n
Maximum histamine stimulation in dogs 
induces gastric secretion of very high acid­
ity.4’ 7- 13 We have repeatedly obtained 
HCl concentrations of 165 to 179 mEq./l. 
The pH of such HCl concentrations is be­
low the range of 1.4 to 2.4. The pH of 
histamine-induced gastric secretion crosses 
this range once when secretory activity in­
creases and once more when secretory ac­
tivity declines. This probably explains why, 
in response to histamine stimulation, pep­
sin output increases before volume and 
acidity attain their maximum, then rapidly 
falls and at the end often rises while secre­
tory rate declines.5-7 In the five stomachs 
in Group I that showed continuous in­
crease in pepsin output, it is possible that 
maximum histamine stimulation had not 
been attained. The pH of gastric secretion 
in these experiments remained within the 
range of 1.4 to 2.4. This pH range corre­
lates with the highest pepsin output, and 
we therefore consider it optimal for the 
release of the pepsinogen granules by the 
peptic cell into the gastric lumen.
The parallelism between pepsin and neu­
tral chloride concentrations in the gastric 
juice, reported by MacLean and Griffiths19
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Fig. 11.—Relationship of gastric pH, total acid, 
gastric pepsin and blood pepsinogen, during the 
resting period (hours 1 to 3) and during the period 
of histamine stimulation (hours 4 and 5).
and later supported by Gilman and Cow- 
gill,3 is interesting. Histamine-induced gas­
tric secretion is poor in both neutral chlor­
ide and Na+.13' 20 The pH of gastric secre­
tion is influenced by the concentration of 
both. Although the supporting dog was 
totally gastrectomized, the isolated stom­
ach denervated and there was no exogen­
ous stimulation to Group II stomachs, the 
possibility that other, unknown stimuli 
were at work in this preparation cannot be 
excluded. The condition just described was 
termed “resting” because the known stimu­
li of gastric secretion had been eliminated.
In 1950 Linde conducted instillation ex­
periments similar to ours.7 His results shown 
in his Fig. 3 are essentially the same as 
those shown in our Fig. 10. Linde, how­
ever, interpreted his findings as represent­
ing a “washing out” of preformed pepsin. 
This is unlikely, because the peptic cells 
are located in the deepest part of the 
glands, beneath the parietal cells,21 there­
fore outside the stream of the parietal-cell 
secretion.
The blood pepsinogen of the supporting 
dogs two to three weeks after total gastrec­
tomy ranged between 16 and 100 /xg./ml. 
of blood. This persistent fraction is said to 
come from autolysis and the self-digestion 
of tissues.22 Pavlov23 believed that the 
Brunner’s glands of the duodenum secrete 
pepsinogen. The half-time for disappear­
ance of blood pepsinogen following total 
gastrectomy in dogs has been found to be 
four to six hours.18 We have not conducted 
such studies. However, in this pepsinogen- 
depleted preparation, we have been able 
to observe the time-course over which 
blood pepsinogen is restored, and its rela­
tionship to gastric pepsin. The relatively 
slower rate of such restoration by the stom­
achs that produced gastric pepsin (Groups 
I and III), in comparison with the 
stomachs that did not produce gastric pep­
sin (Group II), indicates an inverse rela­
tionship between pepsinogen diffused into 
the blood stream and that released into the 
gastric lumen. This is further indicated by 
the drop in blood pepsinogen, concomitant 
with a marked augmentation in gastric 
pepsin (Fig. 10). This indicates that pepsin 
is actively secreted in response to histamine 
stimulation rather than appearing as the 
result of washing out of preformed pepsin. 
Washing out of preformed pepsin would 
not be expected to influence the blood pep­
sinogen level. The drop in blood pepsino­
gen concomitant with the augmentation of 
gastric pepsin also raises doubt about the 
hypothesis that blood pepsinogen is de­
rived from disintegrated peptic cells.24 The 
process of peptic-cell disintegration would 
not be expected to decrease concomitantly 
with the augmentation of gastric pepsin. 
We believe these changes, which can best 
be appreciated through serial sampling, 
were amplified to an appreciable extent in 
the pepsinogen-depleted system.
Histamine stimulation in the dose and 
mode given by us caused no significant in­
crease in blood pepsinogen over non-stimu- 
lated stomachs, even when gastric pepsin 
was low. Marked blood pepsinogen eleva­
tion (1000 to 1200 /jg./ml.) in response to 
histamine stimulation occurred only in two 
instances; in both, the stomach-donor dog 
was heavy (30 kg.), while the supporting
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dog was approximately one-half the weight 
of the donor. Since it is reasonable to as­
sume that a greater peptic-cell mass 
(isolated stomach) was being supported by 
a lesser blood volume (small supporting 
dog), these variations in blood pepsinogen 
may reflect variations both in peptic-cell 
mass and in dilution. Proper matching be­
tween donor and supporting dogs should 
eliminate such variables.
Woodward et a ir 7' showed that, regard­
less of the type or duration of the stimulus, 
serum pepsinogen levels remained constant 
even when pepsin output was greatly aug­
mented.
It is significant that gastric pepsin is aug­
mented in response to glycine buffer in­
stillations in histamine-stimulated stom­
achs, particularly in view of the “acid- 
pepsin” theory of peptic ulcer, and the use 
of “buffer” in the symptomatic relief of 
“heart burn”.
The pepsin secretory pattern in the 
Zollinger-Ellison syndrome has not been 
adequately studied and only a limited num­
ber of such reports have included studies 
on pepsin. Bonfils et al.‘M studied the acid- 
pepsin correlation using as a reference the 
amount of pepsin, expressed in micrograms 
of tyrosine per volume of primary acid 
contained in 25 ml. of gastric secretion 
(Ko5). They found a Ko.-, of 30 or less in 
patients with Zollinger-Ellison syndrome, 
and a K2r, of about 58 in patients with duo­
denal ulcer. The basal pH of gastric secre­
tion in patients with Zollinger-Ellison syn­
drome is 0.9 to 1.0, and in patients with 
duodenal ulcer is 1.8.27’ 28 In a patient with 
islet-cell hyperplasia reported by Summer- 
skill,29 the gastrointestinal pH increased 
from 1.1 in the stomach to 1.4 in the upper 
jejunum. The pepsin content followed the 
same gradient, increasing from 3789 units 
in the stomach to 9737 units in the lower 
duodenum and 7695 units in the upper 
jejunum. Pepsin was not only found where 
it normally should not be, but its concen­
tration increased from the stomach to the 
upper jejunum. This was attributed to un­
controlled collection with some gastric se­
cretion escaping down in the gastrointes­
tinal tract. We believe, however, that this 
represents either maximum pepsinogen ac­
tivation m an  o p tim u m  duodenojejunal 
pH, or pepsin s e c r e t io n  by the Brunner’s 
glands of the d u o d en u m .23 Whatever the 
true explanation is , th e  high peptic activity 
in the jejunum m a y  account for the abnor­
mally located p e p t ic  u lcer in patients with 
Zollinger-Ellison syndrome.30 Although 
such reasoning m a y  explain the pathogene­
sis of the abnorm ally  located peptic ulcer, 
it does not exp lain  u lcers in normal loca­
tions. Ellison a n d  W ilson30 have shown 
that 75% of t h e  u lce rs  in patients with 
Zollinger-Ellison syndrom e are not ab­
normally located. M o st of these patients 
consume “buffers” in  order to neutralize 
their gastric a c id ity . I t  is conceivable that 
these patients m a y  ra ise  the very low gas­
troduodenal pH to  a  range optimal for both 
pepsinogen activ a tio n  and perhaps more 
pepsin secretion.
S u m m a h y
Pepsin secretion b y  the histamine-stimu­
lated, isolated, p erfu sed  canine stomach 
was found to c o rre la te  with the pH of gas­
tric secretion. P e p sin  secretion decreased at 
pH above or b e lo w  th e range of 1.4 to 2.4. 
Experience with non-stimulated stomachs 
and with instillation experiments also sug­
gests that release of pepsinogen granules 
into the gastric lum en may be pH-depend- 
ent.
Although studies with gastrin and acetyl­
choline-stimulated stomachs have not yet 
been done, the evidence thus far suggests 
that the stimulants of parietal-cell secretion 
influence pepsin output in a non-specific 
manner through optim al acidification of the 
gastric mucosa. T h e difference of varying 
stimuli at their maximum may be due to 
varying ionic fluxes across the gastric mu­
cosal membrane, and their effect on the 
eventual pH of gastric secretion.
The technical assistance of Mr. J. McCallum, 
Mr. J. HenrikseO’ Mrs. M. McCubbin and Mrs. M. 
ltoslak is gratef,lny appreciated.
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R e su m e
Cette experience a demontre qu’il y avait cor­
relation entre le pH de la secretion gastrique et 
la secretion de la pepsine par l’estomac canin, 
isole et perfuse, stimule par l’histamine. La se­
cretion de pepsine a diminue a un pH situe au- 
dessus ou en-dessous de la gamme allant de 1.4 a 
2.4. Des experiences faites avec des estomacs non 
stimules et par des instillations permettent aussi 
de croire que la liberation des granules de pep- 
sinogene dans la lumiere de l’estomac sont fone- 
tion du pH.
Bien qu’on n’ait pas encore etudie des estomacs 
stimules par la gastrine et l’acetylcholine, tout 
permet de croire jusqu’a present que les stimulants 
de la secretion de la cellule parietale influencent 
le debit de pepsine d’une maniere non specifique, 
par une acidification convenable de la muqueuse 
gastrique. Les differences notees entre les divers 
stimuli a leur maximum peuvent s’expliquer par 
des courants ioniques variables a travers la mu­
queuse gastrique et leur effet sur le pH final de 
la secretion gastrique.
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ERRORS IN INTRA-ARTERIAL BLOOD-PRESSURE MEASUREMENTS'
W. ZINGG, M.D., M .Sc.(M ed.), F.R.C.S.[C], F.A.C.S.,t W. D. BAINES, B.Sc., M.S., 
Ph.D. and A. N. MATHUR, M.D., Toronto, Ont.
As in any fluid flow, a difference in pres­
sure between two points in a blood 
vessel causes blood to flow. The volume 
rate of flow (ml./sec.) depends on the size 
of the vessel, and the properties of the ves­
sel and of the blood.1'4 Velocity (V) of the 
fluid particles, which in summation gives 
the volume rate of flow, is strongly affected 
by blood viscosity, hence is maximum 
along the centre line and is reduced to 
zero at the walls (velocity “profile”). Pres­
sure, however, is not materially affected by 
viscosity and consequently is constant over 
the vessel’s cross-section.
For direct measurement of pressure in a 
blood vessel, the vessel must be connected 
to a transducer or manometer. If the flow 
is disturbed by this connection, the mea­
sured pressure will differ from the true 
value. The size of the error depends on the 
disturbance caused. Ideally, the connection 
should be made at the wall of the vessel 
as in standard engineering practice5 but 
this is impractical. Frequently, an end-hole 
catheter is used. If the hole faces up­
stream, the measured pressure is too high; 
the error equals pV‘- /2  where p is the 
blood density. If the hole faces down­
stream, the negative error is a determin­
able fraction of pV2/ 2. Since the velocity 
varies across the vessel cross-section, the 
exact magnitude of the error can be deter­
mined only if the velocity is measured in­
dependently. Putting the hole at the side of 
the catheter should reduce the error to a 
minimum because the flow disturbance 
near the hole is very small. Particles would 
move past the hole without a change in di­
rection. In this paper, pressure measure­
ments taken with end-hole and side-hole 
catheters are compared, and the magnitude 
of error in standard technique demon­
strated.
'From  the Departments of Surgery and Mechani­
cal Engineering, University of Toronto, Toronto. 
Ont.
tResearch Institute, The Hospital for Sick Chil­
dren, 555 University Avenue, Toronto 2, Ont.
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M aterials and M ethods
The experiments were carried out under 
general anesthesia in adult mongrel dogs 
weighing 28 to 67 lb. Before the catheters 
were inserted into the pulmonary artery or 
the aorta, heparin (2 mg./kg. body weight) 
was administered. The catheters were 
connected to Statham PD23 transducers 
and the pressures and the electrocardio­
gram recorded on a Brush multichannel 
recorder. The chest was opened through 
the left, fourth intercostal space and the 
left pulmonary artery, the interlobar artery 
and a small superior segmental branch to 
the lower lobe were isolated. Two identical 
No. 6 National Institutes of Health 
(N IH ) end-hole (no side holes) catheters 
were inserted, one through a stab incision 
in the myocardium of the right ventricle 
and the other catheter through the previ­
ously isolated segmental branch. Both 
catheters were advanced until their tips 
were felt to be at the same place in the 
main pulmonary artery. The ventilator was 
turned off temporarily to avoid extrinsic 
artifacts in the pressure tracings. The dog 
was then bled through a femoral artery and 
varying amounts of blood (250 to 300 c.c.) 
were replaced by an equal amount of nor­
mal saline given intravenously. The pres­
sures were again recorded. Later the blood 
was transfused back into the animal, the 
catheters removed and the chest closed.
Catheters were introduced into the aorta 
through the brachial and the femoral ar­
tery. The position of the catheter tips was 
verified with an image intensifier.
After an initial series of experiments, 
catheters with cone-shaped tips and side 
holes were prepared by melting the end 
of polyethylene tubing (Fig. 1). These were 
used for blood-pressure measurements in 
identical experiments.
Results
The average peak systolic pressures have 
been tabidated. Pressure readings (“down­
stream” and “retrograde or end” pressures)
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Fig. 1.—Polyethylene catheter with cone-shaped 
tip and two side holes.
have been selected from the same point in 
the tracings so that they represent the two 
pressures at the same point in the blood 
stream, recorded simultaneously. This se­
lection avoids variations in the blood pres­
sure due to other causes. The results ob­
tained in the pulmonary artery are shown 
in Table I.
T A B L E  I .— A v e r a g e  S y s t o l ic  P r e s s u r e s  O h ta in ed  in  t h e  
P u l m o n a r y  A r t e r y  w it h  N o . 6 NIH C a t h e t e r s . I n 
E x p e r i m e n t s  1 t o  4 . E nd-H o l e  C a t h e t e r s  w e r e  U s e d
Differencebetweendownstream(Systolic blood pressure) and(mm. Hg) retrograde
E xperim ent number Downstream Retrograde /// t/Od tl/ t o(mm. Hg)
1. R e stin g .................
Increased 
cardiac o u tp u t..
25
24
34
31
9
7
2. R e stin g ................. 18 22 4
Increased 
cardiac o u tp u t.. 21 20 -  1
3. R e stin g ................. 24 37 13
Increased 
cardiac o u tp u t.. 30 35 5
4. R estin g ................. 20 28 8
Increased 
cardiac output. 30 40 10
5. (a) Side-hole 
ca th eter (resting 
o u tp u t)................. 34 36 2
(b) Side-hole 
catheter (in­
creased o u tp u t).. 38 40 2
(c) End-hole 
catheter (in­
creased output). 36 44 8
6. (a) Side-hole 
catheter (resting 
o u tp u t)................. 40 40 0
(b) Side-hole 
catheter (in­
creased o u tp u t).. 44 44 0
(c) End-hole 
catheter (in­
creased o u tp u t).. 42 50 8
Similar studies were carried out in the 
aorta in two dogs to ascertain the relative 
importance of the kinetic energy artifact 
in this vessel. In one dog (no. 7), pressures 
were recorded using an end-hole cathe­
ter, and in the other (no. 8) side-hole 
catheters were used. The results are shown 
in Table II.
T A B L E  I I .— C a t h e t e r s  a t  t h e  S a m e  P o in t  in  t h e  
D e sc e n d iv g  T h o ra cic  Ao r ta
Sgstolic blood pressure (mm. Hg)
Differencebetweendownstreamandretrograde pressures 1rnm. Hg)Experim ent number Don'iistream Retrograde
7. (End-hole 
catheters)
(a) R e stin g ................ 170 182 12
(b) Increased cardiac 
o u tp u t................... 172 190 18
8. (Side-hole 
catheters)
(a) R e stin g ................ 190 192 2
(b) Increased cardiac 
o u tp u t.................. 220 222 2
Depending on the characteristics of the 
catheter, the pressure-pulse changes dur­
ing propagation in the catheter.6 From 
identical catheters introduced into the pul­
monary artery, wave forms of different 
shapes were obtained (Fig. 2). The tracings 
obtained with the cone-shaped catheters 
and side holes were superimposed using an 
optical recorder to demonstrate the similar­
ity of the curves (Fig. 3).
D iscu ssio n
In the first experiment, the existence of 
a kinetic energy artifact in intravascular 
blood-pressure measurement was demon­
strated. Theoretically, an increase in this 
artifact can be predicted when the cardiac 
output increases as it does in anemia.7’ 8 
In the first experiment, although the cardi­
ac output in these dogs was not measured, 
such an increase was not uniformly demon­
strated following bleeding. Our failure to 
demonstrate an increase in this artifact con­
sistently may have been due to variations 
in the position of the catheter in the lu­
men, through areas of different velocity.
The presence of the artifact when using 
end-hole catheters and its absence when 
using the new cone-shaped catheters, can 
be explained in general physical terms as 
follows: The pressure at the upstream end 
of a blunt body is the sum of the static and 
velocity pressures. On the side of the body, 
true static pressure is measured because 
the flow is undisturbed. In the downstream­
facing catheter, the pressure measured is a 
wake pressure for a bluff body which is a 
fraction of pVV2, depending on the veloc­
ity and viscosity of the fluid. From simul­
taneous readings with upstream, open-
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ended and side-hole catheters, the blood 
velocity could be calculated. For example, 
if the difference were 10 mm. Hg (as ob­
served in these experiments), the velocity 
would be about 40 cm. per second systolic.
In the first sets of catheters, the side 
holes were placed opposite each other, one- 
half inch from the tip. This arrangement 
produced a structural weakness at that level 
and, during insertion the catheters had a 
tendency to kink. Subsequently, the holes 
were placed at different levels.
Sum m ary
The blood pressure recorded with an 
end-hole catheter is erroneously high if the 
catheter is inserted against the blood 
stream. It is erroneously low if it is in­
serted in the same direction as the blood 
stream. This kinetic energy artifact has 
been demonstrated in the pulmonary ar­
tery and in the aorta. It can be avoided by 
using catheters with tips constructed ac­
cording to accepted engineering principles.
Fig. 3.—Superimposed tracings of pulmonary artery pressures (mm. Hg) obtained with side-hole 
catheters introduced in opposite directions.
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A part of this study was carried out as a special 
project during the second-year physiology course 
with the participation of the following students: 
W. T. Buckton, M. Gold, S. L. Greenspan and S. 
D. Nitzkin.
R e f e r e n c e s
1. International Symposium on Pulsatile Blood
Flow, 1st, Philadelphia, 1963: Pulsatile 
blood flow; proceedings, edited by E. O. 
Attinger, Blakiston Division, McGraw-Hill 
Book Company, New York, 1964.
2. B urton , A. C.: Physiology and biophysics of
the circulation, The Year Book Medical 
Publishers Inc., Chicago, 1965.
3. Faraday Society, London, Colloid and Bio­
physics Committee: Flow properties of
blood and other biological systems; pro­
ceedings of an informal discussion con­
vened jointly by the Faraday Society Col­
loid and Biophysics Committee and the 
British Society of Rheology, held at the 
University Laboratory of Physiology, Ox­
ford, September 23, 24, 1959, edited by A. 
L. Copley and G. Stainsby, Pergamon 
Press Inc., New York, 1960.
4. G u yto n , A. C.: Circulatory physiology: cardi­
ac output and its regulation, W. B. Saun­
ders Company, Philadelphia, 1963.
5. H o w e , J. W.: Flow measurement, In: Engi­
neering hydraulics, edited by H. Rouse,
John Wiley & Sons Inc., New York City, 
1950, p. 177.
6. Ak e r s , W. W. et air. Numerical hydrodynamic
calculations of catheter characteristics, 
Biophys. ]., 6: 725, 1966.
7. H a l m a g y i, D. F. T., Starzecki, B. and H or­
n er , G. J.: Variations in cardiac output 
associated with hemoglobin levels in anes­
thetized sheep, J. Appl. Physiol., 2 0 : 16, 
1965.
8. H a t c h e r , J. D. et air. The role of a humoral
mechanism in the cardiovascular adjust­
ments over a prolonged period following 
the production of acute exchange anaemia, 
Canad. J. Biochem. Physiol., 4 1 : 1887 
1963.
R e su m e
On emploie couramment, pour mesurer en la- 
boratoire la tension intravasculaire, des catheters 
en polyethylene dont l’ouverture est situee a l’ex- 
tremite du tube. Or, la pression mesuree au 
moyen de ces catheters est erronement elevee 
quand le catheter est introduit a contre-courant 
et erronement basse quand il est introduit dans 
le meme sens que le courant sanguin. On a mis 
en evidence cet artefact d’energie cinetique dans 
l’artere pulmonaire et dans l’aorte du chien. Ces 
erreurs peuvent facilement etre evitees par 1’emploi 
de catheters dont l’ouverte est situee lateralement.
SUBCLAVIAN-ARTERY OCCLUSION
Cerebral symptoms from subclavian-artery 
occlusion are more frequent, easily diagnosed 
and easily treated than is generally recognized. 
This study deals with 22 patients observed 
over a five-year period; in 13 the condition 
was severe enough to warrant surgical treat­
ment. Two patients had bilateral disease; the 
left extremity was involved in eight and the 
right extremity in seven. The average age was 
57 with a range of 44 to 71 years.
Symptoms consisted of dizziness in 11 of 
13, blurring of vision in six, syncope, aphasia 
and dysarthria. Only two patients complained 
of aching and weakness of the affected arm 
on exertion. Six patients complained of an in­
ability to concentrate, memory loss, and men­
tal dullness. There was a weak or absent 
radial pulse in 13 of 15, and in these patients 
there was at least a 20-mm. pressure drop in 
comparison with the normal limb. Eight of 
nine with incomplete block had a bruit and in 
only one of six with complete occlusion could 
a bruit be heard. Three of 15 limbs showed 
ischemic changes.
Angiography was carried out using the per­
cutaneous transfemoral Seldinger technique.
There were no complications and excellent de­
tail was obtained. Seven showed retrograde 
vertebral flow. Six of 11 arch angiograms car­
ried out showed associated carotid occlusive 
disease. Surgical approaches included the right 
supraclavicular approach, costochondral flap 
and median sternotomy for right-sided lesions, 
and posterolateral thoracotomy sternotomy and 
osteochondral flap on the left. Thromboend- 
arterectomy was carried out in nine patients. 
To obviate later obstruction, vein patch has 
been incorporated into the technique. Patency 
was obtained in all. There were three com­
plications and one death. Four patients are 
asymptomatic and there have been no recon­
struction closures. Narrowing was suggested in 
two patients, but this was not thought to be 
hemodynamically significant. The non-operated 
group continued to have symptoms of basilar 
artery insufficiency. The author believes that 
the best results are obtained in patients with 
transient cerebral symptoms and that com­
pleted strokes, absence of a pressure deficit 
and occlusion of a vertebral artery on angiog­
raphy are contraindications to surgical treat­
ment.—Wheeler, H. B.: Surgical treatment of 
subclavian-artery occlusions, New Eng. J. Med., 
276: 711,  1967.
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S U R G I C A L  T E C H N I Q U E
CLINICAL EXPERIENCE WITH TH E USE OF A SINGLE-LAYER 
INTESTINAL ANASTOMOSIS*
G. B. OLSEN, M.D., E. LETW IN, M.D., F.R.C.S.[C] and 
H. T. G, WILLIAMS, M.B., Ch.B., F.R.C.S.iEng. & C], F.A.C.S., Edmonton, Alta.
T h e  use of a single layer of interrupted su­
tures for anastomoses in the gastrointestin­
al tract is not new. As early as 1887, Hal- 
sted1 demonstrated experimentally that a 
one-layer intestinal anastomosis with inter­
rupted silk sutures was adequate. Since 
then clinical experience with this method 
has been reported periodically,2'4 each 
author claiming satisfactory results and 
certain possible advantages over the two- 
layer method. Despite these reports the 
traditional two-layer method of intestinal 
suture is still the most common. The pur­
pose of the present communication is to il­
lustrate a technique for one-layer gastro­
intestinal anastomosis and to describe the 
authors’ clinical experience with this 
method.
Whatever method is used to hold the 
bowel edges together, a satisfactory gastro­
intestinal anastomosis requires that the 
open ends of the viscera be approximated 
without interfering with their blood sup­
ply. Tension must be avoided because it 
may interfere with the capillary circulation 
at the suture line and in the larger vessels 
of the mesentery. Once these conditions 
are met, the rate of healing of the ana­
stomosis depends to a large extent on the 
intensity and duration of the inflammatory 
reaction. If the inflammatory reaction is 
pronounced and prolonged because of ne­
crosis and secondary infection, healing will 
be delayed and the possibility of compli­
cations increased. On the other hand, if 
the inflammatory reaction can be mini­
mized by careful selection of the method 
and material used in constructing the ana­
stomosis, the conditions for healing will be 
optimal.
“From the Department of Surgery, University of 
Alberta Hospital, Edmonton, Alta.
Presented at the Annual Meeting of the Royal Col­
lege of Physicians and Surgeons of Canada, Otta­
wa, Ont., January 1967.
A number of technical factors are im­
portant for optimal anastomotic healing: 
(1) Choice of suture material. Catgut su­
tures are used in most gastrointestinal ana­
stomoses. It is well known that this ma­
terial excites a greater reaction than other 
materials such as silk or cotton.5 (2) Suture 
technique. The use of continuous sutures 
and the turning-in of a large cuff of tissue 
leads to devascularization and subsequent 
necrosis and infection. This can be mini­
mized by using a single layer of inter­
rupted sutures. (3) Hemostasis. Hemostasis 
must be complete. Hematomas in the bowel 
wall encourage infection and may also 
embarrass capillary circulation. (4) Bowel 
preparation. Careful bowel preparation, 
which removes all stool from the colon, is 
essential to elective small- and large-intes­
tinal anastomoses. The emphasis should be 
on mechanical cleansing rather than “ster­
ilization” by oral antibacterial drugs.6 (5) 
Peritoneal toilet. All intestinal contents, 
blood clots and bits of suture material 
must be removed from the peritoneal cav­
ity because such material encourages in­
fection and may jeopardize healing. This 
can be avoided by walling-off the bowel 
ends with drapes and by carefully cleans­
ing the peritoneal cavity once the ana­
stomosis is completed.
Recent experimental work by Letwin and 
Williams7 demonstrated that an anastom­
osis constructed with a single layer of 
interrupted silk sutures had certain advan­
tages over the two-layer method. During 
the first five postoperative days, the one- 
layer anastomosis was 15 to 20% stronger 
than the two-layer anastomosis, and was 
associated with less obstruction of the 
bowel lumen. There was less ischemia at 
the one-layer anastomosis because fewer 
sutures were used and there was less turn­
ing-in of tissue. One other important ob­
servation was that, in the presence of peri-
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tonitis, the two-layer anastomosis lost 75% 
of its expected strength while the one-layer 
anastomosis lost only 50 %.
The histologic features of the healing of 
the two types of anastomosis were studied 
by Buchin and Van Geertruyden.8 They 
showed that, with the one-layer anastom­
osis, there was less inflammatory reaction, 
less necrosis and no abscess formation in 
the layers of the bowel wall.
Technique
The technique is simple and useful in 
situations where access is difficult. When 
an elective bowel resection is planned, a 
72-hour preparation is earned out. During 
this period, the patient receives a clear fluid 
diet, and laxatives and enemas are given to 
clear the colon. Antibacterial drugs are not 
used.
At operation the abdominal cavity is 
entered, preferably through a transverse 
incision. The vascular pattern in the mes­
entery is carefully examined using trans­
mitted light and an excision is planned so 
that, adj'acent to each point of division, a 
pulsating artery will pass to the portion of 
bowel that is to be retained. The peritone­
um of the mesentery is incised. The vessels 
are doubly ligated in continuity and di­
vided. Clamps are placed at an angle of 
30° across the bowel at the proximal and 
distal resection lines (Fig. 1).
The bowel wall is then partially cut 
through to the submucosa about 3 mm.
Fig. 2.—The serosa and muscularis have been 
cut 3 mm. from the clamp and allowed to retract. 
The vessels in the submucosa have been ligated 
with fine silk.
from the clamp. As the serosa and muscular 
layers retract, the major vessels in the sub­
mucosa are exposed. These vessels are 
ligated with 4-0 silk ligatures and the di­
vision of the bowel is completed. This 
maneuver ensures satisfactory hemostasis 
with the least interference with blood sup­
ply (Fig. 2).
When both ends of the bowel have been 
prepared in this manner, an open anastom­
osis is carried out using a single layer 
of simple sutures. We prefer 000 silk for 
gastroduodenal anastomoses and 4-0 silk 
for small- and large-intestinal anastomoses. 
The sutures are placed to include all lay­
ers of the bowel wall. The mucosa has no 
strength but is included in the suture to 
ensure that an adequate bite of submucosa 
is taken. Each suture is placed so that the 
knots are on the serosal surface (Fig. 3).
The first few sutures are placed at the 
mesenteric border and are then continued 
around on either side of the anastomosis 
to meet at the antimesenteric border (Fig. 
4). If there is much discrepancy in the di­
ameters of the viscera, stay sutures may 
be placed to divide the circumference into 
thirds, but generally this is not necessary.
After placing each suture, the bowel 
edges are inverted by gentle inward pres­
sure with a dental sponge as each suture is 
being tied. Sufficient tension is used so that 
the edges are just approximated without 
causing ischemia. The sutures are placed
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Fig. 3.—The suture is placed to include all lay­
ers of the bowel wall. The knots are placed out­
side the bowel lumen.
Fig. 4.—The first few sutures are placed at the 
mesenteric border of the bowel.
about 3 mm. apart and 3 mm. from the cut 
edge of the bowel. Unnecessary sutures are 
avoided by careful placement of each one. 
Once the anastomosis is completed, the de­
fect in the mesentery is closed with inter­
rupted 000 silk sutures taking care not to 
interfere with the blood supply, and to 
avoid tension and kinking at the stoma.
Results
These results cover the clinical experi­
ence of one surgical unit over the last five 
years. There were 189 patients with gastro­
duodenal anastomoses, 52 with small- 
intestinal anastomoses and 112 with large- 
intestinal anastomoses (Table I). The ma­
jority of these patients had a tube gastro­
stomy for gastrointestinal decompression.
TABLE I.— T ypes  of S in o l e -L a y e r  A n a st o m o se s
Number of
Type patients
Gastroduodenal...............................................  189
Small-intestinal................................................  52
Large-intestinal...............................................  112
In those patients who had gastroduo­
denal anastomoses, all operations were for 
benign peptic ulcer (gastric resection with 
or without vagotomy). Fifty-five of these 
operations were for gastric ulcer, and 124 
for duodenal ulcer. The average age of 
these patients was 55 years. Two patients 
developed major complications but none of 
the anastomoses leaked. The first had per­
sistent vomiting due to distortion of the 
stoma by a gastrostomy tube passed from 
above; this was easily corrected. The sec­
ond, a 49-year-old man with a bleeding 
gastric ulcer and advanced multiple scler­
osis, died three days after operation of 
causes unrelated to the surgical technique.
The patients who had small-intestinal 
anastomoses were operated upon for a wide 
variety of lesions. The average age of this 
group was 48 years. Three patients died. 
Two patients who had resections for small- 
bowel obstruction due to malignancy, had 
intact anastomoses at autopsy, two weeks 
and four weeks after operation. Death was 
not attributed to anastomotic problems. The 
third patient who died was a 56-year-old 
woman who had a resection of a small-
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bowel fistula associated with extensive 
perihepatic abscess formation. The ana­
stomosis lay in the abscess cavity and broke 
down on the third day. She died two weeks 
later of complications related to the fis­
tula.
Of those patients who had large-intestin­
al anastomoses, most had resections for 
carcinoma. Their average age was 69 years. 
In this group two patients died: an 87-year- 
old woman because of myocardial infarc­
tion, and a 72-year-old man following a 
massive pulmonary embolus. One patient 
had leakage of the anastomosis after resec­
tion of the sigmoid colon for diverticulitis. 
The fistula closed spontaneously and, on 
barium enema six months later, there was 
no evidence of stenosis.
There was no bleeding from the ana­
stomosis in any of these patients. Tube 
gastrostomy was effective in gastrointestin­
al decompression because postoperative 
abdominal distension was minimal, and 
more than five days’ delay in passing flatus 
was rare.
D iscu ssio n
Clinical experience with the one-layer 
gastrointestinal anastomosis indicates that 
this method is safe and compares favour­
ably with the two-layer method. Care in 
preserving a good blood supply and avoid­
ing tension is most important. The sutures 
can be placed accurately even when access 
is difficult.
In practice, postoperative obstruction is 
usually due to a combination of stomal ob­
struction and inefficient decompression of 
the proximal, atonic gastrointestinal tract. 
The combination of one-layer anastomosis 
with its low degree of stomal obstruction 
and a decompressing tube gastrostomy ap­
pears to be effective in avoiding obstruc­
tion.
None of the patients in this series bled 
from the anastomosis.
S u m m a r y
A satisfactory gastrointestinal anastom­
osis requires an adequate blood supply and
avoidance of tension. Certain technical 
considerations such as the choice of suture 
material, suture technique, hemostasis, 
bowel preparation and peritoneal toilet are 
important in limiting the intensity of the 
inflammatory reaction and obtaining op­
timal healing conditions.
A technique using a single layer of silk 
sutures for gastrointestinal anastomosis is 
described. Clinical experience with this 
method over the past five years is re­
viewed. The results compare favourably 
with the two-layer method.
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R e su m e
La cicatrisation ideale d’une anastomose gastro- 
intestinale depend des elements suivants: choix du 
fil de suture et de la technique de la suture, 
hemostase meticuleu.se, preparation de I’intestin et 
nettoyage du peritoine. Sur le plan experimental, 
l’anastomose a simple couche presente sur l’ana- 
stomose a double couche les avantages suivants: 
augmentation de la force de traction, moindre oc­
clusion de la lumiere et moindre ischemie.
Parmi les cas cliniques ou on a employe cette 
methode, on compte 189 anastomoses gastro- 
intestinales, 52 anastomoses du grele et 112 ana­
stomoses du c61on. Chaque anastomose a ete 
effectuee au moyen de simples points de suture 
interrompus, avec une soie 000 et 4-0. Les com­
plications ont ete rares et les resultats se sont 
compares favorablement avec ceux de 1’anasto- 
mose intestinale a double couche.
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THE MANAGEMENT OF SMALL-BOWEL FISTULAS: 
AN IMPROVED TECHNIQUE*
W. W. BELCH, M.D., F.R.C.S.1C], F.A.C.S.f and R. K. MAGEE, M.D., 
F.R.C.S.lEng. & C], F.A.C.S., Peterborough, Ont.
A sm a ll-bowel fistula with profuse drain­
age is a dangerous lesion. The overall mor­
tality rate in several recent series has ex­
ceeded 50%.13 The copious drainage from 
these fistulas depletes the patient’s store of 
water, electrolytes and digestive enzymes. 
In addition, digestion and infection of the 
wound, and excoriation of the skin occur. 
Sump drainage of the shallow fistulous 
wound has been difficult. Welch and Ed­
munds1 found that small-intestinal fistulas 
with profuse drainage do poorly on con­
servative therapy. In the past 10 to 15 
years, more emphasis has been placed on 
earlier definitive surgical treatment.1, 4 The 
mortality rate has improved with bold op­
erations but still remains high.
In the past four years we have used a 
simple device in the management of cer­
tain small-bc el fistulas. It is useful in sit­
uations where the opening in the bowel is 
visible or can be approached readily 
through the wound. It is the method of 
choice when the patient is so ill that 
immediate, direct surgical treatment would 
be hazardous.
M aterials and M ethods
In its simplest form (Fig. 1), the device 
consists of the soft, flat rubber flange of a 
de Pezzer catheter which is passed through 
the fistulous opening into the lumen of the 
bowel. This flange is held snugly in place 
by a corresponding flange on the outer side 
of the bowel wall. The inner flange can be 
stiffened by a two-hole button of appropri­
ate size. If this button is not used, the inner 
flange may slip out of the bowel lumen. 
The holes in the button must be large 
enough to permit irrigating fluid in the long 
stem of the de Pezzer catheter to drip into 
the bowel. The outer flange is obtained
“ Presented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of Canada, 
Toronto, Ont., January 1965. 
tReprint address: 584 Charlotte Street, Peter­
borough, Ont.
Fig. 1.—Drawing showing the fistulous opening 
sealed by flanges (inner and outer) which lightly 
clamp the bowel wall. Irrigation through the inner 
catheter flushes the bowel contents away from 
the opening in the bowel.
from a second de Pezzer catheter and must 
have a short stem ( e.g. two inches) and an 
appropriate lumen so that it can be pushed 
down over the long stem of the first de 
Pezzer catheter and fitted closely against 
the external bowel wall. A silk suture, pre­
viously threaded through the button and 
the inner flange, is threaded through the 
outer flange, pulled snug and tied. Drip 
irrigation through the long stem of the de 
Pezzer catheter and button, helps to flush 
the bowel content away from the fistulous 
opening. A suction catheter and frequent 
irrigation of the depths of the wound with 
physiological fluid help to keep it both 
clean and moist. Dressings are avoided.
Recently we used the inflated bulb of a 
Foley catheter as the external flange. The
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tip of the catheter is passed through a 
small hole in a longitudinal curved piece 
of latex rubber (1% x % x Vs inches) cut 
from one-inch rubber tubing. The curved 
piece of latex rubber is secured to the tip 
of the catheter by two simple silk sutures. 
The distance between the inflated balloon 
of the Foley catheter and the internal 
flange will depend on the thickness of the 
bowel wall. With this modification, the 
device is simpler to construct, and will give 
equally good results. The inner rubber 
flange has not been difficult to remove be­
cause it becomes soft and pliable. In the 
original device (Fig. 1), the button was 
released and passed per rectum. This al­
lowed the inner flange of the de Pezzer 
catheter to be withdrawn easily.
With this device, drainage through a fis­
tulous opening has been dramatically re­
duced. Optima] nutrition for wound healing 
is assured by forced feeding using the 
Barron pump.5 Good nutrition is advan­
tageous if not obligatory for the success of 
this conservative approach to small-bowel 
fistulas. We have observed that the con­
tinuous, steady administration of food is 
well tolerated and sudden peristaltic rushes 
are minimized.
Over the past four years we have man­
aged eight patients who were seriously ill 
with upper small-bowel fistulas. There were 
no deaths. Five of the eight were suitable 
for the occlusion and irrigation method.
The following two case reports illustrate 
the use of this device.
Case I . —On November 3, 1959, Mrs. R.S., 
an obese, 58-year-old woman, had an abdom­
inoperineal resection for carcinoma of the rec­
tum. An abscess developed in the abdominal 
incision and was drained widely. Two draining 
sinuses resulted. On January 12, 1960, the 
sinuses were excised and the wound was 
closed. The following day, fecal drainage ap­
peared in the wound. On January 14, 1960, 
an unsuccessful attempt was made to oversew 
the opening in the bowel. Subsequently the 
patient became acutely dehydrated, and de­
veloped a bilateral parotitis and a large ab­
scess in a cutdown wound in the left upper 
arm. Forced feeding was started. The biflanged 
tube (Fig. 1) was inserted into the fistulous 
opening. The large wound healed leaving a 
tiny, easily manageable fistula. On June 30,
1960, the small enterocutaneous fistula, about 
2 mm. in diameter, was curetted and covered 
with a full-thickness skin graft. This unusual 
maneuver was followed by prompt healing. 
The patient had no further difficulty with the 
fistula. She died suddenly in bed, at home, in 
June 1964.
Case 2.—On March 5, 1964, Mrs. M.K., a 
70-year-old woman, had a cholecystectomy 
and appendectomy done through a right para­
median incision. On March 7, a greenish dis­
charge was seen on the dressing. On March 
11, a profuse brownish discharge was noted 
from the lower end of the incision. When the 
wound was opened, a loop of bowel was found 
to open into it. The profuse drainage was 
controlled successfully by a combination of 
occlusion and irrigation. A longitudinal, curved 
piece of latex rubber attached to the tip of a 
Foley catheter was inserted through the fistula 
into the lumen of the bowel. The Foley balloon 
was adjusted and inflated to provide occlusive 
pressure. The large wound was kept clean by 
a combination of irrigation and suction. Nu­
trition was maintained with the Barron feed­
ing system.4 The wound healed but a small 
fistula remained. On May 27, 1964, the fistula- 
bearing portion of small bowel was resected. 
The patient’s postoperative course was un­
eventful. She was discharged on the sixteenth 
postoperative day and remains well.
D iscussion
Many different methods of occluding in­
testinal fistulas have been attempted, some 
of which are shown in Fig. 2. Allen and 
Welch® believe that all of these methods
Fig. 2.—Older methods of control of intestinal 
fistulas (Reproduced by permission from “Surgical 
Treatment of the Abdomen”.8).
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are more or less makeshift and only rarely 
do they control the fistula completely. They 
look simple but it is difficult to make them 
function. On the other hand they may 
allow the patient to improve so that a 
definitive operation can be done safely. 
It is this latter point that is of par­
ticular interest to us. A patient with pro­
fuse drainage from a small-bowel fistula 
is likely to be depleted and a poor opera­
tive risk. If the fistulous drainage can be 
controlled, infection prevented and good 
nutrition assured, the overall problem can 
probably be solved. An emergency situa­
tion has been converted to one where elec­
tive operation is possible.
Summary
Small-bowel fistula with profuse drain­
age is still associated with a high mortality 
rate. In the past few years, more emphasis 
has been placed on earlier definitive opera­
tion despite the hazards of wound infection 
and digestion in patients with fluid, electro­
lyte, and nutritional deficits. An old tech­
nique in the management of small-bowel 
fistulas has been modified to make use of a 
biflanged occlusive device. Irrigation 
through the device flushes the intestinal 
contents away from the fistulous opening. 
When nutrition is restored and fluid and 
electrolyte losses are controlled, the wound 
will usually heal about the fistula. An elec­
tive operation to close the fistula then be­
comes a safe procedure. The improved 
method of occlusion and irrigation, de­
scribed here, should reduce the mortality 
associated with small-bowel fistulas.
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R esu m e
Une fistule du grele qui est accompagnee d’un ecoulement profus est une lesion dangereuse. L’ecoulement abondant epuise rapidement les re­serves organiques d’eau, d'electrolytes et d’enzymes digestives. Surviennent en outre la digestion de la plaie, son infection et l’excoriation de la peau. Plusieurs methodes de fermeture des fistules in- testinales ont e te  essayees, avec un succes tres relatif. Quant a. l'intervention precoce et radicale, elle est pleine de dangers.On a done inodifie une vieille technique opera- toire des fistules du grele superieur en vue de realiser leur occlusion et leur irrigation. L’ouver- ture de la fistule est legerement serree entre deux brides de caoutchouc. La bride interne fait partie d’un catheter on lui est fixee. L’irrigation continue par ce catheter contribue a ecarter le contenu intestinal de l’ouverture fistuleuse. Une alimenta­tion ideale convenant au mieux a la cicatrisation des plaies est obtenue par une alimentation forcee au moyen dune pompe de Barron. La plaie sera generafement fermee aux environs de la fistule quand la nutrition aura ete retablie et les pertes d’eau et d’electrolytes auront ete remplacees. A ce moment, une operation destinee a fermer le trajet fistuleux ne comporte plus de danger.Huit malades souffrant de fistules du grele et dont l’etat etait grave ont pu ainsi etre traites eonsecutivement sans une seule mortalite. Cinq de ces malades etaient des candidats admissibles a la methode d ’occlusion et d’irrigation. Dans les cas convenables, cette technique devrait reduire le fort pourcentage de mortalite qui entache en­core l’intervention precoce de la fistule du grille.
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The physicians, other medical scientists and members of allied health professions, 
who month by month assist the Editor of The Canadian Journal o f Surgery by contrib­
uting book reviews, make a significant contribution to continuing medical education. 
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All communications concerning this Journal 
should be marked “The Canadian Journal of 
Surgery” and addressed to the Editor. C.M.A. 
Publications, at C.M.A. House, 150 St. George 
St., Toronto 5.
The Journal is published quarterly. Subscrip­
tion is .$10 per year ($5 per year for trainees 
in surgery), and starts with the January issue 
of each year. Single copies are $2.50 each, pay­
able in advance. (It would be greatly appre­
ciated if subscribers would please add bank 
exchange to their cheques.)
INSTRUCTIONS TO CONTRIBUTORS
Manuscripts
Manuscripts in duplicate of original articles, 
case reports, and other contributions should 
be forwarded with a covering letter re­
questing consideration for publication in The 
Canadian Journal of Surgery. Acceptance 
is subject to the understanding that they 
are submitted solely to this Journal, and 
will not be reprinted without the consent 
of the author and the publishers. Accept­
ance or rejection of contributions will be 
determined by the Editorial Board. As 
space is available, a limited number of 
case reports will be published. Articles 
should be typed on one side only of un­
ruled paper, double-spaced, and with wide 
margins. The author should always retain a 
carbon copy of material submitted. Every 
article should contain a summary of the 
contents. The Concise Oxford Dictionary 
will be followed for spelling. Dorland’s Am­
erican Medical Dictionary will be followed 
for scientific terminology. The Editorial 
Board reserves the right to make the usual 
editorial changes in manuscripts, includ­
ing such changes as are necessary to en­
sure correctness of grammar and spelling, 
clarification of obscurities or conformity 
with the style of The Canadian Journal of 
Surgery. In no case will major changes be 
made without prior consultation with the 
author. Authors will receive galley proofs 
of articles before publication, and are asked 
to confine alterations of such proofs to a 
minimum.
Reprints
Reprints may be ordered on a form which 
will be supplied with galley proofs. It is 
important to order these before publication 
of the article, otherwise an extra charge 
for additional type-setting will be made.
References
References should be referred to by numer­
als in the text. They should include in 
order: the author’s name and initials in capi­
tals; title of the article; abbreviated journal 
name; volume number, page number and 
year. The abbreviations of journal names 
should be those used by the National 
Library of Medicine, Washington, D.C., as 
published in Index Medicus. References to 
books should include in order: author’s 
name and initials; title of book; number of 
edition (e.g. 2nd ed.), title of publishing 
house; city of publication; year of publica­
tion; page number if a specific reference.
Illustrations
A reasonable number of black-and-white 
illustrations will be reproduced free with 
the articles. Colour work can be published 
only at the author’s expense. Photographs 
should be glossy prints, unmounted and 
untrimmed, preferably not larger than 10" 
x 8". Prints of radiographs are required 
and not the originals. The magnification of 
photomicrographs must always be given. 
Photographs must not be written on or 
typed on. An identifying legend may be 
attached to the back. Patients must not be 
recognizable in illustrations, unless the 
written consent of the subject for publica­
tion has been obtained. Graphs and dia­
grams should be drawn in India ink on 
suitable white paper. Lettering should be 
sufficiently large that after reduction to 
fit the size of the Journal page it can still 
be read. Legends to all illustrations should 
be typed separately from the text and sub­
mitted on a separate sheet of paper. Illustra­
tions should not be rolled or folded.
Language
It should be clearly understood that con­
tributors are at full liberty to submit 
articles in either English or French, as they 
please. Acceptance will be quite independ­
ent of the language of submission. If the 
contributor wishes, he may submit an in­
formative summary of not more than 300  
words in the language other than that in 
which he has submitted the article. For 
example, an article in English must carry 
an English summary and may, if the author 
wishes, carry a more detailed summary in 
French.
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LE JOURNAL CANADIEN DE CHIRURGIE
Toute communication concernant le Journal 
devra porter la mention “Le journal canadien de 
chirurgie” et etre adressee a 1’Editeur, Publica­
tions de l’A.M.C., 150 St. George Street, 
Toronto 5.
Le journal est public trimestriellement. Le 
prix de l’abonnement est de $10. par an ($5. 
par an pour les medecins qui sont residents en 
chirurgie) et commence avec le numero de 
janvier de chaque annee. Un exemplaire isole 
coute $2.50 et est payable d’avance. (Nous 
serions reconnaissants aux souscripteurs de vou- 
loir bien ajouter a leur cheque le montant des 
frais bancaires eventuels).
INSTRUCTIONS A NOS 
COLLABORATEURS 
Manuscrits
Les manuscrits d’articles originaux, de rap­
ports cliniques etc. seront envoyes en deux 
exemplaires, accompagnes d’une lettre deman­
dant qu’on veuille bien considerer leur publica­
tion dans L e  journal canadien de chirurgie. Ils 
ne seront acceptes qua la condition qu’ils 
n’aient ete sounds qu’a notre Journal et qu’ils 
ne soient pas reimprimes sans le consentement 
expres de l’editeur et l’auteur. L ’acceptation 
ou le refus des articles sounds releve du Con- 
seil de la publication. Si la place est disponible, 
un nombre limite d’histoires cliniques pourront 
etre publies. Les articles seront dactylographies 
sur un seul cote d’un papier non ligne, a double 
espace et avec une large marge. L’auteur devra 
toujours conserver une copie au papier carbone 
du texte soumis. Tout article devra etre ac- 
compagne d’un resume. L ’orthographe sera 
celle adoptee par le dictionnaire Larousse. 
Quant a la terminologie scientifique, elle sera 
basee sur le Dictionnaire des termes techniques 
de medecine ou tout autre ouvrage de refe­
rence serieux. Le Conseil de la publication se 
reserve le droit d’apporter au texte les change- 
ments qu’il jugerait a propos pour assurer la 
correction grammaticale et l’orthographe, pour 
eliminer d’eventuelles obscurites ou pour ren- 
dre la presentation conforme au style du Jour­
nal canadien d e  chirurgie. Aucun changement 
important ne sera apporte au texte sans que 
l’auteur ait ete prealablement consulte. Les 
auteurs recevront avant la publication des 
epreuves d’imprimerie de leur texte, auxquelles 
ils sont pries d’apporter le minimum de correc­
tions.
Tires-d-part
On pourra commander des tires-a-part sur 
une formule qui est envoyee avec les epreuves. 
II est important de les commander avant la 
publication de l’article, sous peine de devoir 
payer un supplement pour une nouvelle com­
position.
Bibliographie
Les references bibliographiques seront indi- 
quees par des numeros dans le corps du texte. 
Elies comprendront dans l’ordre: le nom de 
l’auteur et ses initiales, en majuscules, le title 
abrege du Journal, le numero du volume, le 
numero de la page et l’annee. Les abreviations 
admises pour les noms de revues sont celles qui 
flgurent dans Tlndex Medicus de la Biblio- 
theque Nationale de Medecine, Washington, 
D.C. Les renvois aux livres comprendront 
dans 1’ordre: le nom de l’auteur, ses initiales, 
le titre de l’ouvrage, le numero de l’edi- 
tion (p. ex. 2eme ed.), le nom de la 
maison d’edition, la ville ou elle est situee et 
l’annee de la publication; enfin, le numero de 
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier gratuitement 
un nombre raisonnable d’illustrations en noir 
et blanc. Les reproductions de cliches en cou- 
leurs seront publiees aux frais de l’auteur. Les 
photographies seront imprimees sur papier bril- 
lant, ne seront ni montees ni calibrees et d’un 
format maximum de 8" x 10". En ce qui con- 
ceme les radiographies, nous demandons des 
copies et non pas I’original. On devra toujours 
foumir un agrandissement de microphoto­
graphies. II ne faut jamais ecrire ou dactylo- 
graphier un texte quelconque sur les photo­
graphies. Une legende les identifiant pourra 
etre jointe au dos. Dans les illustrations mont- 
rant des malades, ceux-ci ne pourront etre 
reconnus, a moms qu’ils n’en aient donne le 
consentement ecrit prealablement a la publica­
tion. Les graphiques et diagrammes seront des- 
sines a l’encre de Chine sur un bon papier a 
dessin blanc. Le lettrage devra etre ecrit en 
caracteres assez grands pour que, apres reduc­
tion proportionnelle au format du Journal, ils 
soient encore lisibles. Les legendes devant 
accompagner les illustrations seront dactylo- 
graphiees sur une feuille independante du 
texte. Les illustrations ne seront ni roulees ni 
pliees.
Langue vehiculaire
II doit etre clairement etabli que les colla- 
borateurs ont pleine liberte de soumettre leurs 
articles en frangais ou en anglais, a leur choix. 
L’acceptation de l’article sera entierement inde­
pendante de la langue choisie par 1’auteur. Si 
le collaborateur le desire, il peut decrire le 
contenu de l’article en un sommaire ne depas- 
sant pas 300 mots et dans une langue differente 
de la langue choisie pour l’article lui-meme. 
Par exemple, un article ecrit en frangais doit 
comporter un resume en frangais et peut, si 
l’auteur le desire, etre accompagne d’un som­
maire plus details en anglais.
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The Royal College of Physicians 
a n d  Surgeons o f Canada
N E W S L E T T E R
1908 ANNUAL MEETING
The 37th Annual Meeting of the Royal 
College of Physicians and Surgeons of 
Canada will take place at the Royal York 
Hotel, Toronto, January 18-20, 1968. As in 
the past this meeting will be preceded by 
the Annual Meeting of the Canadian So­
ciety for Clinical Investigation which will 
be held on the same site on January 16 
and 17.
The Royal College Lectures will be pre­
sented at 11:30 a.m. on each of the three 
days of the College meeting. On Thursday, 
A. C. Burton, Ph.D. of the Department of 
Biophysics, University of Western Ontario 
will speak on "A Virtue of Ignorance; A 
Biophysicist Asks Simple Questions about 
Medical Science and Medicine”. The 
following day Victor O. McKusick, M.D. of 
the Department of Genetics, Johns Hopkins 
University, will lecture on “Genetics and 
the Practice of Medicine”. The Saturday 
lecturer will be Claude Bertrand, M.D. of 
the University of Montreal. His topic will 
be “The Evolution of Surgery . . .  A Neuro­
surgeon’s Viewpoint”.
The opening session on Thursday and 
Saturday afternoons respectively will fea­
ture this year’s medallists. They are George 
K. Wlodek, F.R.C.S.JC] of the Department 
of Surgery, Montreal General Hospital, and 
Dr. W. R. Bruce, Professor of Medical Bio­
physics, University of Toronto. Dr. Wlodek 
received the Medal in Surgery for his essay 
on Gastric Mucosal Competence and its 
Relation to the Pathogenesis of Peptic Ulcer 
Disease”. Dr. Bruce’s prizewinning work 
for the Medal in Medicine was on “Normal 
and Malignant Stem Cells and Chemother­
apy . The Gallie Lecture in Surgery will be 
given at 2:00 p.m. on Friday by Norman C. 
Tanner, F.R.C.S., of London, England. He 
will speak on “The Management of the Eso­
phageal Complications of Hiatal Hernia”. 
Six symposia will highlight the morning
sessions on Friday and Saturday. The first 
day will be concerned with Enzymes and 
Clinical Medicine; Homeostatic Mecha­
nisms in Shock; and the “New Look” in 
Radiology. On Saturday the themes will be 
Lymphomatous Disease; Intestinal Ob­
struction; and Psychiatry in Clinical Prac­
tice. Afternoon sessions following the Gallie 
and Medallist lectures will be devoted to a 
total of 18 separate scientific sessions in 
general medicine, pediatrics, psychiatry, 
surgery, both clinical and experimental, 
and obstetrics and gynecology. Combined 
sessions will be held in cardiovascular 
disease and neurology-neurosurgery.
The annual convention will begin at 
8:30 p.m. Friday evening in Convocation 
Hall, University of Toronto, and will be 
followed by a reception in honour of new 
Fellows at Great Hall, Hart House. The 
President’s reception and annual banquet 
will be held at the Royal York Hotel on 
Saturday evening.
ROYAL COLLEGE ANNALS
A new journal, the Annals o f th e Royal 
C ollege o f Physicians and Surgeons o f 
Canada, is intended to strengthen the Col­
lege by increasing the contact that its mem­
bers have with each other. In addition to 
publication of notices and announcements 
of College meetings and activities, the An­
nals will devote considerable space to 
statements and explanations of all those 
numerous and changing policies that give 
shape and form to the College and that 
concern all Certificants and Fellows. The 
Annals will also publish abstracts of the 
papers accepted for presentation at the An­
nual Meeting. The time has come for the 
scientific proceedings of the Annual Meet­
ings to be given more permanent and more 
widely circulated form. The scientific con­
tent of the Annals will be added to by the 
presentation throughout the year, in the 
four numbers presently planned, of the 
Annual Lectures, possibly the papers of 
the Medallists and some of the Lectures 
given at Regional Meetings. Dr. Jacques 
Robichon of Ottawa is the Editor and Mr. 
T. J. Giles of the College’s Secretariat is 
the Managing Editor.
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BOOK R E V I E W S
(See also page 122)
ATLAS O F SURGICAL OPERATIONS. Vol. 2. 
Robert M. Zollinger and Robert M. Zollinger, 
Jr. 189 pp. Illust. The Macmillan Company, 
New York,; Collier-Macmillan Canada Ltd., 
Toronto, 1967. $22.00.
Volume 2 of the Atlas of Surgical Operations 
is complementary to the first volume published 
in its third edition in 1961. Volume 2 recog­
nizes the need to extend the range of surgicaf 
operations beyond those contained in the first 
volume. The new atlas contains step-by-step 
descriptions in the familiar pattern, but adds 
30 new operations and a section on the surgi­
cal anatomy of the thorax. The authors have 
obtained assistance from specialists in thoracic 
and pediatric surgery so that these areas are 
covered in a most authoritative manner.
Particular emphasis is given to vascular 
surgery and the more complicated transthor­
acic operations. In addition, there is an excel­
lent section on pancreaticoduodenectomy, and 
the construction of an ileal conduit is ciearly 
presented.
The technique of giving the indications 
and postoperative care in capsule form at the 
beginning and end of the description of the 
operative procedure is most helpful because it 
draws the total patient care into one compre­
hensible package. Dr. Zollinger, Sr.’s well- 
known facility with the English language 
makes every sentence thoroughly readable. A 
rather important feature of some novelty is 
the co-authorship by Dr. Zollinger, Jr., while 
still a resident surgeon. The presentation of 
the viewpoint of the genuine neophyte makes 
an interesting sidelight to the presentation.
There is no doubt that the volume repre­
sents an essential reference atlas for surgeons 
engaged in a wide range of work.
A RIOLOGICAL CONSIDERATION OF TREAT­
M ENT O F BREAST CANCER. George Crile, 
Jr. 189 pp. Illust. Charles C Thomas, Spring- 
field, 111.; The Ryerson Press, Toronto. 1967. 
$9.50.
Dr. Crile, who has abandoned the orthodox 
radical therapy of cancer, in this monograph 
abandons the orthodox form of presentation 
(etiology, pathology, symptoms, etc.). In the 
opening chapters, by reviewing some aspects 
of the nature of cancer, the process of meta- 
stasization, and tumour immunity, he attempts 
to provide a background that will permit the 
traditionalist to accept the subsequent chap­
ters. The various series in which simple mas­
tectomy is favourably compared to radical 
mastectomy are reviewed, with the author’s 
experience at the Cleveland Clinic. Survival 
rates and local recurrence rates were either 
equal or better in the conservatively treated
series. Chapters on local excision and modified 
radical mastectomy precede a condemnation 
of radical and extended radical operations. 
Finally, the role of irradiation, hormones and 
chemotherapy, as primary treatment chiefly, 
are discussed emphasizing the author’s per­
sonal experience.
The title is a bit presumptuous because, in 
his conclusion, the author admits that cancer 
of the breast is a subject on the frontier of 
medical knowledge where little of the truth 
is known. But Crile does develop an attitude 
to the primary treatment of breast cancer. His 
thesis is that conservative therapy has equal 
or better results than radical treatment, that 
treatment must be individualized, and that 
proper clinical trials might remove some of 
our present ignorance. His orderly arguments 
mightily promote his view that cancer is not 
a demon to be exorcised but, in its true bio­
logic perspective, an unwanted phenomenon 
of growth.
This little book should attract all who are 
interested in cancer, not as a detailed treatise 
on breast cancer, for it is not, but as a col­
lection of the arguments for the conservative 
management of this disease.
CLINICAL SURGERY. Thorax. Consultant Edi­
tor: A. L . d’Abreu. General Editors: Charles
Rob and Rodney Smith. 540 pp. Illust. Butter-
worth & Co. (Publishers) Ltd., London; Butter-
worth & Co. (Canada) Ltd., Toronto, 1965.
$31.00.
The list of contributors to this volume reads 
like a “Who’s Who” of thoracic surgery in 
Great Britain. To the list is added Drs. Lawler 
and Crawford of the United States who write 
on coccidioidomycosis and histoplasmosis. As 
is apparent in any chapter in the book, the 
accumulated knowledge and experience of 
these authors is remarkable. Each chapter is 
written by an expert who has been able to 
“review” his topic giving basic principles and 
standard methods of treatment. This is the 
stated object of the book and the authors have 
succeeded in what they set out to do.
As one in the 17-volume series of “Clinical 
Surgery”, it is probable that further detail 
could not be included without making the 
series cumbersome. But who, in this day of 
narrow specialization, is likely to read the 
whole 17 volumes! This volume, however, can 
Ire read with profit by a Fellowship candidate 
in general surgery. The thoracic surgical res­
ident, in his early training, could read the 
book for orientation. The experienced thoracic 
surgeon will not likely increase his knowledge 
in reading these concise articles. This reviewer 
wished that the chapters had been expanded 
so that a wider reading public could have en-
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Mannitol*-the most potent of the osmotic diuretics.
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M a n n it o l  So l u t io n  may be used in a 
variety of clinical circumstances where 
osmotic diuresis is advisable. Examples 
of such indications are:
Prophylaxis or treatment of oliguria or 
anuria arising from many causes, such 
as haemorrhage, dehydration, trauma, 
transfusion reactions and burns.1,2,3,4,5
Prevention of renal failure in surgical 
situations where this is a possibility, 
especially during surgery of the aor­
ta6,7,8 and in other types of cardio­
vascular surgery.
Treatment of edema due to cardiac 
failure, renal diseases or cirrhosis of
the liver, especially in combination 
with other diuretics.9,10,11 
Reduction of intraocular pressure prior 
to o r d u rin g  surgery  fo r  glauco-
m a # 12.13.14.15
Reduction o f intracranial pressure 
and of cerebral edema during neuro­
surgery.16,17,18
Supplied: Mannitol Solution is sup­
plied as 20% solution in 500 ml. 
Abbo-Litert bottles (list 4241); as 15% 
solution in 500 ml. Abbo-Liter bottles 
(list 4245); as 10% solution in 500 ml. 
and 1000 ml. Abbo-Liter bottles (list 
4239); and as 5% solution in 1000 ml. 
Abbo-Liter bottles (list 4233).
Precautions and Contraindications: the 
high osmotic pressure of Mannitol Solu­
tion tends both to retain and to attract 
water into the vascular system. Therefore, 
with high dosage, overloading of the cir­
culation may occur. Dosage should be 
determined by the fluid and electrolyte 
balance of the patient, the urinary volume 
and the clinical signs. In the presence of 
severely impaired renal function, a test 
dose of 0.2 Gm./Kg. should be given over 
a three minute period. The urinary re­
sponse should be a minimum of 40 ml./hn 
Mannitol Solution is contraindicated in 
severe renal failure which is unresponsive 
to the test dose of 0.2 Gm./Kg. Its use 
should be abandoned if administration 
precipitates or aggravates pulmonary or 
systemic edema.
1 Abbott W E Nutrition, Body Fluids, Shock, and Burns; Surg. Gynec. & Obst. 116:141-6. Feb. 1963. 2. Barry, K. G. and Malloy, J. P., Oliguric Renal Failure. Evaluation and Therapy 
by the Intravenous Infusion of Mannitol; J.A.M.A. 179:510-3, Feb. 17, 1962. 3. Attar, S., Borges, F„ Adams Cowley. R„ Esmond, W. G Hollingsworth, N. and Blair, E Use of Mannitol in 
PostDerlusion Oliguria-Anuria; Circulation 26:682, Oct. 1962. 4. Price, W. E., Webb, E. A. and Smith, B. A., Intravenous Mannitol; Minnesota Med. 46:261-2, March 1963. 5. Boba, A., 
Gainor J and Powers, S. R., Jr., The Influence of Mannitol on Water and Electrolyte Excretion Following Trauma; Surgery 52:188-94 July 1962. 6 .1Barry K G. et al Mannitol nfusion. II. 
The Prevention of Acute Functional Renal Failure During Resection of an Aneurysm of the Abdominal Aorta; New England J. Med. 264:967-71 May 11,1961. 7. Beall A. C. Jr Holman, M  R., 
Morris G C. Jr. and DeBakey, M. E„ Mannitol-Induced Osmotic Diuresis During Vascular Surgery; Arch. Surg. 86:34-42, Jan., 1963. i. Baird, R. J., Firor, W S. and Barr H W. K.. The Use 
of Mannitol During Surgery of the Abdominal Aorta; Canad. M.A.J. 88:252-3, Feb. 2, 1963. 9. Bernstein L. M„ Blumberg. B and Arkin. M Osmotic Diuretic Treatment of Refractory Edema; 
Circulation 17 1013-20 1958 10. Bernstein, L. M. and Grossman, A., Diuretic Effect of Mannitol in Nephrotic Edema; J. Lab. and Clin. Med. 59:309-19, 1962. 11. Bradly, S. F.. Management 
of the Patient with Chronic Diffuse Glomerulonephritis; Med. Clin. N. Amer. 1184-99, 1945. 12. Smith, E. W. and Drance, S. M„ Reduction of Human Intraocular Pressure with Intravenous 
Mannitol- Arch ODhth 63734-7 Dec., 1962. 13. Weiss, D. I., Shaffer, R. N. and Harrington, D. 0., Treatment of Malignant Glaucoma with Intravenous Mannitol Infusion; Arch. Ophth. 
69-154-8Feb 1963 14 Weiss D. I. Shaffer, R. N. and Wise, B. L., Mannitol Infusion to Reduce Intraocular Pressure; Arch. Ophth. 68:341-7, Sept., 1962. 15. Adams, R. E., Kirschner, R. J, 
and LeoDold l’ H Ocular Hypotensive Effect of Intravenously Administered Mannitol; Arch. Ophth. 69:55-8, Jan., 1963. 16. Shenkin, H. A., Goluboff, B. and Haft, H.. The Use of Mannitol 
for the Reduction of Intracranial Pressure in Intracranial Surgery; J. Neurosurg. 19:897-902, Oct., 1962. 17. Scharfetter, G. et al., Osmotherapy of Intracranial Hypertension; Schweiz, med. 
Wchnschr. 90:342-5, Mar. 19,1960.18. Wise, B. L. and Chater, N., The Effect of Mannitol on Cerebrospinal Fluid Pressure. The Actions of Hypertonic Mannitol Solutions and of Urea Com­
pared; Arch. Neurol. 4:200-2, Feb., 1961.
*  Mannitol for injection, Abbott, t  Trademark registered. Full information is available on request.
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joyed and learned from these eminent author­ities. In other words, it should have been a full-length book and not a “Reader’s Digest’ of thoracic surgery.
EMERGENCY SURGERY OF THE HAND. E. Moberg. Translated from Swedish by W. M. McQuillan. 74 pp. Illust. E. & S. Livingstone Ltd., Edinburgh and London; The Macmillan Company of Canada Limited, Toronto, 1967. $1.90. Paperbound.
This small book was obviously written by an expert with much experience. In the sections on technique particularly, many items of ad­vice are given that could only have been gained through long experience.The book is divided into three sections; the first, Basic Principles; the second, Special Tech­niques as applicable to hand surgery; and the third, Sensory Testing. Each of these sections covers the essential material in a practical fashion. This is aided by good line drawings and photographs where they are indicated.In a very small compass, this monograph shows how to avoid many of the complications that can arise from the improper, or less-than- perfect, treatment of these potentially crippl­ing injuries. This short monograph should be highly useful to medical students, house offi­cers, general practitioners and surgeons who meet these emergencies and must deal with them immediately.
FOOT DISORDERS. Medical and Surgical Management. Nicholas J. Giannestras. 521 pp. Illust. Lea & Febiger, Philadelphia; The Mac­millan Company of Canada Limited, Toronto, 1967. $24.25.
This excellent short book deals extremely well with disorders affecting the foot and with their management, both conservative and operative. The editor has obtained the assistance of a number of contributors who are experts in orthopedic surgery and allied branches of med­icine.Each subject is dealt with concisely and the illustrations are both numerous and of excel­lent quality. The way in which each chapter is subdivided with clear headings will be of great value to the postgraduate student and to the practising orthopedic surgeon.The book has 507 pages with 465 illustra­tions, three of which are in colour. Succeeding chapters deal with development and physiolo­gy, anatomy, definitions of the normal and of the abnormal foot, the normal foot—its de­velopment and care, problems of the foot from birth to ambulation, the pronated foot in in­fancy and childhood, problems in pre-adoles­cent and adolescent stages, congenital rigid flat foot, the normal and pronated foot in the adult, the club foot, management of the poliomyelitic
foot, the foot in cerebral palsy, hallux valgus, hallux rigidus, other problems of the forefoot, the treatment of rheumatoid arthritis affecting the foot, gout and allied disorders, neurologi­cal diseases, fractures, the problems of the tarsal portion of the foot, dermatological dis­orders, tumours and infections and circulatory disturbances.Year by year the problems of diagnosis and assessment in the treatment of disorders of the foot are becoming increasingly important to orthopedic surgeons. Therefore, this book will be of great value to them.
ILLUSTRATED GUIDE TO THEATRE IN­STRUMENTS. M. K. Clarke. 77 pp. Illust. But- terworth & Co. (Publishers) Ltd., London; But- terworth & Co. (Canada) Ltd., Toronto, 1966. $2.25. Paperbound.
This small volume of 77 pages is intended to assist those concerned with surgical instru­ments in operating rooms. It is well illustrated throughout. There are photographs on almost every page showing instrument set-ups for various types ot surgical procedures, and each figure has the instruments labelled by letter and is accompanied by a list of the names of the instruments lower on the respective page. In addition, there are short explanatory notes at appropriate places.This small, well-illustrated and concise vol­ume is suitable for operating-room nurses and technicians, for medical students, interns, and residents as well as other medical personnel concerned with operative surgery.
A MANUAL OF CLOSED REDUCTION OF CLOSED FRACTURES AND DISLOCA­TIONS. Robert Mazet, Jr. 1.31 pp. Illust. Charles C Thomas, Springfield, III.; The Ryer- son Press, Toronto, 1967. $12.50.
It is refreshing to see a manual of closed re­duction of closed fractures at a time when open reduction appears to be increasing. It is a small book of fine paper and good print. Most of the illustrations are of good quality. When so much effort has been put into a publication, one wonders why old photographs of poor quality and definition were used.On first reading one is left with the impres­sion that fractures of the surgical neck of the humerus are all treated by reduction and ab­duction for three weeks. Only some time later do you realize that the author is dealing with fracture dislocation of the shoulder.In other areas the method of management is open to debate—as perhaps any method is. Unfortunately, many of the common compli­cations of fractures are not mentioned or at most dealt with lightly. In general, this book can be recommended as a useful manual for third-year students.
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MODERN TRENDS IN PLASTIC SURGERY. 2. 
Edited by Thomas Gibson. 343 pp. Illust. But- 
terworth & Co. (Publishers) Ltd., London; But- 
terworth & Co. (Canada) Ltd., Toronto, 1966. 
$21.50.
The second volume of “Modem Trends in 
Plastic Surgery” like the first is a sophisticated 
textbook for the practising plastic surgeon. 
Mr. Gibson has called upon generally open- 
minded authorities to correlate world opinion 
with their own personal experiences. While 
space naturally prevents a complete summary 
of plastic surgery in one volume, the authors 
hope that these and subsequent volumes will 
eventually constitute a continuing compendium 
of theory and practice in plastic surgery.
A SHORT TEXTBOOK OF SURGERY. Selwyn 
Taylor, L. T. Cotton and J. G. Murray. 628 pp. 
Illust. The English Universities Press Ltd., Lon­
don, 1967. 30s. $3.90 (approx.) Paperbound.
This small paperback contains a surprisingly 
large amount of information. It is an excellent 
text for junior medical students but does not 
pretend to be and is not a reference text. It 
was edited by well-known British surgeons 
and, as might be expected, is well written and 
easy to read. At times, some confusion arises 
from the use of English terminology for cer­
tain types of drugs and for some classifications 
of diseases, etc.
In general, this is a useful short textbook 
of surgery, and much information is given in 
a small compass. The line drawings are excel­
lent, although the type of paper makes the 
reproduction of photographs impossible. No 
gynecology or pelvic surgery is given, but there 
are excellent sections on genitourinary dis­
eases, on pediatic surgery, and on fractures 
and orthopedic problems.
This book, although short, is excellent for 
students and should be recommended as a 
standard preliminary text for clinical surgery.
STANDARDS OF OBSTETRIC CARE. The Re­
port of the North-West Metropolitan Regional 
Obstetric Survey, 1962-1964. R. G. Law. 348  
pp. E . & S. Livingstone Ltd., Edinburgh and 
London; The Macmillan Company of Canada 
Limited, Toronto, 1967. $10.75.
It is obvious to physicians and obstetricians 
looking after pregnant patients that the pat­
terns of obstetrical care and obstetrical man­
agement are changing. Many of the older text­
books quote figures and discuss problems that 
no longer exist in modern obstetrics. However, 
the individual physician needs many years’ ex­
perience and must see a large number of pa­
tients before he can draw valid conclusions 
from his own practice. This book presents a 
large volume of data that has been scientific­
ally compiled and accurately tabulated. It is 
important because obstetricians and physicians
responsible for obstetrical patients should have 
some idea of the results of current practice in 
Great Britain. For example, at the time of this 
study, it was accepted that, in spite of the 
best care and a high cesarean-section rate, in­
fants born to elderly primigravida still experi­
ence a perinatal mortality of about 10%. This 
survey indicates that, when the elderly primi­
gravida are divided into two categories—un­
complicated and complicated—the uncompli­
cated number 66% of all booked patients. In 
these women the incidence of prematurity was 
8.1%, somewhat lower than the overall figure 
of 11.5%. The corrected perinatal mortality 
was 2.2% compared to 1.9% overall. This was 
for women between 35 and 39 years of age, 
and was only 0.6% for those of 40 and over.
This book is not “light reading” but is an 
invaluable source of reference for those who 
seek an understanding of the results of cur­
rent obstetrical practices. It belongs on the 
bookshelf of any physician who does much 
obstetrical practice.
SUPPORT O F THE FA ILIN G  CIRCULATIO N . 
The Use of a Pump Oxygenator in Clinical 
Cardiac Failure. John Hines Kennedy. 138 pp. 
Illust. Charles C Thomas. Springfield, 111.; The 
Ryerson Press, Toronto, 1967. $9.00.
This small book is one of the first in any 
language to deal specifically with the problems 
and benefits of partial cardiopulmonary bypass 
for patients with primary myocardial inade­
quacy. The foreword was written by Dr. John 
Gibbon who, in 1954, pioneered the use of 
complete cardiopulmonary bypass and made 
open-heart surgery possible. Although cardio­
pulmonary bypass has now become routine 
and has allowed the cure of countless patients 
with cardiac defects, it has not been widely 
used as a method of providing circulatory sup­
port for patients with temporary cardiac fail­
ure resulting from myocardial ischemia.
The book contains an excellent section on 
the history of the pioneer attempts to provide 
mechanical circulatory assistance. The author’s 
own experience with more than 20 patients 
treated by venoarterial bypass with oxygena­
tion, or open-chest left heart bypass is pre­
sented in detail.
In recent years, the concentration of patients 
with myocardial infarction in “coronary units” 
with improved techniques of continuous mon­
itoring, external cardiac massage, and closed- 
chest defibrillation has led to better definition 
of the clinical patterns associated with myo­
cardial ischemia. It is obvious that the next 
major step in reduction of the tragically high 
mortality rate of myocardial infarction will be 
achieved through techniques that can tempor­
arily provide an adequate circulation. The 
effects of temporary mechanical circulatory 
assistance on the body in general and the heart 
in particular must be understood by all physi-
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Clinically confirmed success 
in unresponsive shock:1
“ This patient developed asmall bowel 
fistula and shock a few days following 
intestinal surgery. L-norepinephrine 
in increasing concentrations failed to 
resuscitate the patient and she was 
then given 2 Gm. of hydrocortisone in 
a single dose followed by 5 liters of 
plasma. A blood culture taken during 
the initial shock subsequently grew 
out Pseudomonas. The patient recov­
ered after a prolonged period of de­
pendent drainage on a Foster frame.” 1 
(See blood pressure chart below)
namics of the peripheral circulation, 
most patients are resuscitated from 
their shock.” 1
and now ...  Solu-Cortef is available in 
a convenient new “ pharmacologic 
dose” size —
1 Gm. Mix-O-Vial
to facilitate rapid administration of 
pharmacologic doses in unresponsive 
shock.
This new “ pharmacologic dose” size 
also means greater economy.
“ With this combination of fluids to re­
store losses, and corticosteroids to 
correct disturbances in the hemody­
1. Lillehei, R.C., et al.: Ann. Surg., 160:682-710 (Oct.) 
1964.
2. Thai, A.P., and Wilson, R.F.: Current Problems in 
Surgery, 46 (Sept.) 1965.
3. Sambhi, M.P., et al.: Internatl. Anesthesiol. Clin., 
2:421-423 (Feb.) 1964.
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Available in Mix-O-Vials containing: Hydrocortisone 
(as hydrocortisone sodium succinate) . . . 100 mg., 250 
mg., 500 mg. and the new 1 Gm. size
Dosage: Adults — In medical emergencies 
such as severe sensitivity reactions and as­
piration pneumonitis the initial dose is 100 
to 500 mg., depending on the severity of the 
condition, administered intravenously over 
a period of at least thirty seconds. This dose 
may be repeated at intervals of one, three, 
six and ten hours, as indicated by the pa­
tient's response and clinical condition.
In the critically ill, particularly in elderly 
patients with shock due to endotoxins or 
overwhelming infection, it has been rec­
ommended that a dose of 1 gram or more 
be administered intravenously, immediately, 
followed by a dose of 500 mg. every 4 to 8 
hours for three to five days if necessary. 1-3 
Solu-Cortef may also be administered intra­
muscularly or by intravenous infusion. In­
fants and Children — While the dose may be 
reduced for infants and children, it is gov­
erned more by the severity of the condition 
and response of the patient than by age or 
body weight.
Cautions: The general precautions and con­
traindications to systemic corticosteroid 
therapy apply to the use of Solu-Cortef. 
However, when used for medical emergen­
cies, or in shock-like states, the possible life­
saving effects must be weighed against the 
possible undesired hormonal effects. De­
tailed information available on request.
MEMBER
|  P M A C j
Registered Trademark: Solu-Cortef 
Trademark: Mix-O-Vial
U p jo h n THE UPJOHN COMPANY OF CANADA DON MILLS, ONTARIO 6710 CE 4767.1
cians who wish to offer their patients the 
best current therapy. Thus, this book should he 
of interest to every cardiologist and cardiac 
surgeon.
SURGERY FOR ACQUIRED CORONARY DIS­
EASE. William H. Sewell. 377 pp. Must.
Charles C Thomas, Springfield, 111.; The Ry-
erson Press, Toronto, 1967. $22.25.
This unique and timely monograph presents 
the author’s experience with coronary artery 
disease since 1953. It consists of 370 pages, 
divided into three parts. The bibliography is 
extensive. More than half the hook is devoted 
to experimental problems, based on more than 
900 animal experiments designed to evaluate 
the basic physiological factors influencing de­
velopment of collateral channels to the coron­
ary arteries. In spite of its title, the book deals 
mainly with myocardial revascularization pro­
cedures, emphasizing the author’s own pedicle 
operation, although other efforts such as Vine- 
berg’s operation are mentioned briefly. Ex­
cept for a review of the literature, direct re­
construction of coronary arteries is almost 
completely ignored. Similarly, the physiologi­
cal assessment of the coronary flow and of 
extracoronary contributions to myocardial re­
vascularization are inadequately stressed.
The well-written chapter on coronary arteri­
ography includes normal and abnormal radio- 
graphic anatomy, pitfalls, errors, complications, 
and accuracy of interpretation of angiograph­
ic findings. The discussion of arteriographic 
guidance in selection of patients for operation 
is up to date and without equal in the litera­
ture.
The section dealing with the factors influ­
encing the mammary artery performance and 
mammary arteriography should be of great 
value to surgeons dealing with this problem. 
The last part of the book deals with the 
author’s clinical experience, including medical 
and surgical management of coronary disease. 
The pedicle operation is well described and 
may serve as a model for other implant pro­
cedures. The results are critically evaluated 
in a way that is now accepted as standard for 
postoperative follow-up.
The book is clearly written, well illustrated, 
the material is well documented and certainly 
fulfils the author’s intention to provide a 
“source book of experimental data and an 
analysis for those who wish to do research in 
this field”. In addition, it is of great value to 
cardiologists and physiologically-minded car­
diovascular surgeons attempting myocardial 
revascularization procedures.
SURGERY FOR ACQUIRED MITRAL VALVE 
DISEASE. F. Henry Ellis, Jr. 299 pp. Must. 
W. B. Saunders Company, Philadelphia and 
London; McAinsh & Co. Limited, Toronto, 
1967. $18.40.
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This book covers the total surgical experience 
with mitral valve disease of the Mayo Clinic 
over a 15-year period. The text is well written. 
Characteristically, the illustrations, photo­
graphs and tables are extremely well done. 
The author is well supported by other con­
tributors in clinical cardiology, physiology, 
radiology, etc. The extensive bibliography at 
the end of each chapter is current and attests 
to the author’s thoroughness.
The book recounts the past history and the 
development of mitral valve surgery, from the 
turn of the century to the present. Despite 
many advances our efforts today are still essen­
tially palliative. The book, as it stands, should 
be of greatest use to medical students, resi­
dents in training and clinical cardiologists. It 
contains little that is new for the established 
cardiac surgeon except a broad and thorough 
statistical analysis in the second-to-last chap­
ter.
This reviewer would take issue with the 
statement that almost all patients with uncom­
plicated mitral stenosis can be considered for 
closed commissurotomy without heart cathe­
terization. It is recognized that, in a significant 
percentage of patients with good clinical cri­
teria of valve flexibility, commissurotomy may 
be unsatisfactory because of chordal shorten­
ing, fusion and immobility. This latter group 
can be identified only by appropriate angiog­
raphy.
From an author with such broad experience, 
one would have hoped to get a more intensive 
discussion concerning the identification of 
those patients with valvular disease and asso­
ciated or primary myocardiopathic disorders. 
Similarly, a more detailed discussion of the 
patient with advanced pulmonary problems, 
and their selection and management would 
have been most valuable.
Despite these minor criticisms, Dr. Ellis’ 
text should be considered an informative 
standard work in an area of surgery that is 
still evolutionary.
SURGERY OF THE PARALYSED AND FLAIL 
SHOULDER. Acta Orthopaedica Scandinavica, 
Supplementum No. 97. A. K. Saha. 90 pp. 
Illust. A. K. Saha, Calcutta, India; Munksgaard, 
Copenhagen, Denmark. Danish Kroner 22,00. 
$3.30 (approx.). Paperbound.
The monograph deals with the complex prob­
lems of assessment of the paralyzed shoulder 
and operations to restore power and func­
tion. The first 54 pages are devoted to a brief 
review of the literature, a detailed analysis by 
electromyelography and biomechanical com­
putation of the normal, the paralyzed, and the 
reconstructed shoulder, and a scheme of classi­
fication for paralyzed shoulder muscles. This 
is followed by a brief description with some 
good illustrations of the surgical procedure in 
six basic muscle transplants. The author gives
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no statistics but presents 10 illustrative cases in detail, each of which outlines a particular problem and gives the treatment used in each case.
The author attempts a complete analysis of these problems using a multi-disciplinary ap­proach. He illustrates clearly how an old and familiar problem can be examined in de­tail with profit.
A number of critical comments must be made. First, the book is exceedingly difficult to read and the useful information is concealed by the author’s unorthodox use of the English language. In certain sections, careful decipher­ing is necessary before the author’s point can be understood. The complications encountered in the surgical treatment of flail shoulders are skimmed over in perfunctory fashion.
In his preface the author emphasizes the importance of the “rehabilitation concept” but in the body of the monograph says nothing about the well-accepted principle of protect­ing a transferred muscle during the early ex­ercise. Electromyographic studies are very re­vealing. The author has been able to illustrate the functions of all the muscles around the shoulder joint whether they are deep or super­ficial. One would be interested in the details of this technique in which he employs skin electrodes rather than needle electrodes with­out being bothered by overflow from adjacent or underlying muscles. The mathematical com­
putations related to the kinesiological studies of the shoulder are complex and difficult to understand.In summary, Dr. Saha’s comprehensive ex­amination of the shoulder joint is a most am­bitious and deserving project. He has presented some unique concepts and some original data. However, a simpler and better documented presentation of the work would have been desirable.
THE SURGICAL ANATOMY OF TH E TEM ­PORAL BONE AND EAR. Barry J. Anson andJames A. Donaldson. 211 pp. Illust. W. B.Saunders Company, Philadelphia and London;McAinsh & Co. Ltd., Toronto, 1967. $17.30.
This rather specialized text is intended as a reference not only for the resident in oto­laryngology but also for the practising and teaching otologist. The illustrations in this text­book are particularly commendable. The draw­ings are extremely well detailed yet are large enough for easy review of the anatomy of the region. Even the most junior resident should have no difficulty in following these large il­lustrations.As is proper, much of this textbook is de­voted to large, histologic sections of the tem­poral bone accompanied by detailed legends. These sections are presented close to gross drawings so that reference to the intact tem­poral bone is simple indeed. Although the book
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emphasizes the normal anatomv and histology 
of the temporal bone, some reference is made 
to anomalies of the facial nerve and ossicles 
of the middle ear.
This small textbook has compressed a large 
amount o f intricate anatomy into 200 pages 
yet is an excellent reference textbook, which 
deserves a place in every otolaryngology de­
partmental office for use particularly by the 
otolaryngologist in training.
TRANSPLANTATION VON ORGANEN UNO 
GEWEBEN. Internationales Symposium in Bad 
Homburg v.d.H. vom 6.-8. Oktober 1966. Edited 
by K. E. Seiffert and R. Geissendorfer. 241 pp. 
Illust. Intercontinental Medical Book Corp., 
New York; Georg Thieme Verlag, Stuttgart. 
West Germany, 1967. DM  58,00. $15.75
(approx.). Paperbound.
An international svmposium on this subiect 
was held in West Germany in October 1966. 
The book is a collection of the papers pre­
sented and of the discussion at that time. 
English speaking readers should not be fright­
ened by the German title because 21 of the 
papers are in English, eight are in German and 
five are in French. The present state of the 
art is covered very well. A first group of 
papers is concerned with the pathology of 
immune reactions, with the synthesis of anti­
bodies, immune tolerance and tissue matching. 
Several papers deal with the prolongation of
the allograft survival bv use of immunosup­
pressive agents or antilymphocyte sera. The 
transplantation of individual organs is pre­
sented and discussed. The last group of papers 
summarize the present knowledge o f trans­
plantation of tendons, nerves, cornea, heart 
valves, and cartilage. There are several un­
usual features about this book; it was published 
in a surprisingly short time after the meeting 
was held; it was an interesting exercise in 
medical communication. A question may be 
asked in one language and answered in a dif­
ferent language, and the discusser may answer 
questions in different languages. Most papers 
are followed bv an extensive bibliography. The 
book can be highly recommended for every­
body interested in this field.
TREATMENT FOR CHROMOPHOBE ADEN­
OMA. Hendrik J. Svien and Malcolm Y. Colby, 
Ir. 107 pp. Illust. Charles C Thomas, Sprinv- 
field. 111.; The Ryerson Press, Toronto, 1967. 
$9.00.
This small, readable, well-illustrated mono­
graph compares the results of treatment of 
pituitary tumours by radiation and by opera­
tion. It should be read by all neurosurgeons, 
radiotherapists and endocrinologists, and would 
be of interest to other physicians responsible 
for patients with this disease. The method of 
presenting the figures is somewhat unusual 
but nevertheless clear.
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The results of this study, performed in two 
groups of 75 patients each, are summarized as 
follows: “We advise primary radiation therapy 
in the following set of circumstances: (1) Total 
visual impairment (loss of visual field and loss 
of visual acuity combined) not exceeding 45 
to 50%, and being fairly equally distributed 
between the two eyes. (2) Visual acuity (cor­
rected vision) being better than 20/60 in 
either eye. (3) Pallor of the optic disc being 
no worse than mild to moderate (not exceed­
ing grade 2). (4) Onset and progression of 
visual impairment having been gradual rather 
than abrupt. In all other cases, we advise sur­
gery as the primary form of treatment.”
While this monograph will not settle the 
debate for everyone, the results that the auth­
ors have quoted indicate that radiation ther­
apy is almost without hazard and is as effec­
tive as operation in improving vision in pa­
tients with the smaller tumours. In the larger 
extrasellar lesions, operation is more often 
necessary for internal decompression of other 
cerebral structures.
TREATMENT OF HYPERTHYROIDISM W ITH  
RADIOACTIVE IODINE. A Twenty-Year Re­
view. John E. Kearns. 7.3 pp. IHust. Charles C 
Thomas, Springfield, 111.; The Ryerson Press, 
Toronto, 1967. $7.75.
In this 50-page monograph, the author pre­
sents his views on the use of radioiodine in 
the treatment of hyperthyroidism. In a con­
versational manner, he gives his philosophy 
based on a long experience in the treatment 
of hyperthyroidism both operatively and with 
radioiodine. The monograph begins with a 
brief review of the history of thyroid disease, 
and an easy-to-read chapter on the clinical 
diagnosis. Subsequently, some of the labora­
tory tests are covered, although not in specific 
detail. The last half deals with radioactive 
iodine specifically, and its use in the treatment 
of thyroid disease. The author does not give 
specific details but more of a philosophical ac­
count of the treatment of hyperthyroidism 
with radioiodine. The last chapter gives the 
results obtained by the author in his 20 years 
of experience. The results are not given in 
tabular form and hence are difficult to inter­
pret. Unfortunately, he gives no useful sta­
tistical review of his results, nor any statistical 
information relative to the incidence of hypo­
thyroidism following treatment, or the pro­
portion of patients who had diffuse hyper­
thyroidism, nodular goitre, etc. This is a grave 
defect because it is now known that the inci­
dence of hypothyroidism from radioiodine is 
very high and becomes higher the longer the 
patients are followed.
In places this small monograph suffers from 
inadequate editing and, as a result, the mean­
ing of some sentences is not too clear. This 
monograph is not recommended to student, 
practitioner or specialist.
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Books Received
Books are acknowledged as received, but 
in some cases reviews will also be made 
in later issues.
Atlas of Surgical Operations. Vol. 2. Robert M. 
Zollinger and Robert M. Zollinger, Jr. 189 pp. 
Must. The Macmillan Company, New York; Col- 
lier-Macmillan Canada Ltd., Toronto, 1967. 
$ 22 .00 .
A Biological Consideration of Treatment of 
Breast Cancer. George Crile, Jr. 189 pp. Must. 
Charles C Thomas, Springfield, 111.; The Ryerson 
Press, Toronto, 1967. $9.50.
Boyd’s Pathology for the Surgeon. 8th ed. Wil­
liam Anderson. 842 pp. Must. W. B. Saunders 
Company, Philadelphia and London; McAinsh & 
Co. Limited, Toronto, 1967. $20.00.
Club-Foot. Alfred T. Fripp and Norman E. 
Shaw. 122 pp. Must. E. & S. Livingstone Ltd., 
Edinburgh and London; The Macmillan Company 
of Canada Limited, Toronto, 1967. $6.25.
Curare. Symposium der Schweizerisehen Akad- 
emie der Medizinischen Wissenschaften 24./25. 
Juni 1966 in Zurich. 276 pp. Must. Various con­
tributors, Schwabe & Co. Verlag, Basel, Switzer­
land and Stuttgart, West Germany, 1967. $7.50.
Grenzen des Normalen und Anfange des Path- 
ologischen im Rdntgenbild des Skelets. 11th ed. 
E. A. Zimmer. 640 pp. Must. Intercontinental
Medical Book Corp., New York; Georg Thieme 
Verlag, Stuttgart, West Germany, 1967. DM 
134,00. $36.45 (approx.).
Illustrated Guide to Theatre Instruments. M. K.
Clarke. 77 pp. Must. Butterworth & Co. (Publish­
ers) Ltd., London; Butterworth & Co. (Canada) 
Ltd., Toronto, 1966. $2.25. Paperbound.
Local Analgesia: Brachial Plexus. 4th ed. Sir 
Robert Macintosh and William W. Mushin. 62 
pp. Must. E. & S. Livingstone Ltd., Edinburgh 
and London; The Macmillan Company of Canada 
Limited, Toronto, 1967. $2.75.
A Manual of Abdominal Operations. R. M.
Kirk. 208 pp. Must. J. B. Lippincott Company, 
Philadelphia; J. B. Lippincott Company of Canada 
Ltd., Toronto, 1967. $7.50.
Mechanical Artificial Ventilation. A Manual for 
Students and Practitioners. Terring W. Heironi- 
mus, III. 102 pp. Must. Charles C Thomas, 
Springfield, 111.; The Ryerson Press, Toronto, 1967. 
$7.00.
The Medical Annual. A Year Book of Treatment 
and Practitioners’ Index. 85th issue. Edited by Sir 
Ronald Bodley Scott and R. Milnes Walker. 654 
pp. Must. John Wright & Sons Ltd., Bristol; The 
Macmillan Company of Canada Limited, Toronto, 
1967. $9.95.
Micro-Vascular Surgery. Report of First Confer­
ence, October 6-7, 1966 Mary Fletcher Hospital, 
Burlington, Vermont. Edited by R. M. Peardon
For all your 
needled sutures 
use those 
armed with  
the finest
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Needles
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Donaghy and M. Gazi Yasargil. 171 pp. Must. 
Intercontinental Medical Book Corp., New York; 
Georg Thieme Verlag, Stuttgart, West Germany, 
The C. V. Mosby Company, St. Louis, 1967. DM 
48,00. $12.50 (approx.). Paperbound.
Le Moignon de l’Amputation a l’Appareillage. 
J.-E. Lescceur, 109 pp. Must. Masson & Cie, 
Paris, 1967. 34F. $7.50 (approx.), Paperbound.
Nouveau Traite de Technique Chirurgicale.
Tome IX. Paroi Abdominale. Sutures Digestives. 
Laparotomies. Philippe Detrie. Editors; Jean Patel 
and Lucien Leger. 475 pp. Must. Masson & Cie, 
Paris, 1967. 115F. $25.35 (approx.).
Nouveau Traite de Technique Chirurgicale. 
Tome XIII. Systeme Porte-Rate. Lucien Leger and 
Jean Patel. 332 pp. Must. Masson & Cie, Paris 
1967. 96F. $21.15 (approx.).
Nouvelle Pratique Chirurgicale Illustree. 2nd
series. Fasc. 1. Edited by Jean Quenu. 291 pp. 
Must. Editions Doin Deren & Cie, Paris, 1967. 
75F. $16.50 (approx.). Paperbound.
Renal Transplantation. Roy Yorke Caine. 190 
pp. Must. Edward Arnold (Publishers) Ltd., Lon­
don; The Macmillan Company of Canada' Lim­
ited, Toronto, 1963. $11.35.
Surgery for Acquired Mitral Valve Disease F  
Henry Ellis, Jr. 299 pp. Must. W. B. Saunders 
Company, Philadelphia and London; McAinsh & 
Co. Limited, Toronto, 1967. $18.40.
Surgery for Nurses. 11th ed. James Moroney. 
803 pp. Must. E. & S. Livingstone Ltd., Edin­
burgh and London; The Macmillan Company of 
Canada Limited, Toronto, 1967. $8.00.
The Surgical Relief of Pain in Arthritic Disease. 
The Hip and Knee Joints. Robert A. Herfort. 97 
pp. Must. Charles C Thomas, Springfield, 111., 
The Ryerson Press, Toronto, 1967. $9.00.
Transplantation von Organen und Geweben.
Internationales Symposium in Bad Homburg 
v.d.H. vom 6.-8. Oktober 1966. Edited by K. E. 
Seiftert and R. Geissendorfer. 241 pp. Must. In­
tercontinental Medical Book Corp., New York; 
Georg Thieme Verlag, Stuttgart, West Germany, 
1967. DM 58,00. $15.75 (approx.). Paperbound.
Treatment for Chromophobe Adenoma. Hendrik 
J. Svien and Malcolm Y. Colby, Jr. 107 pp. Must. 
Charles C Thomas, Springfield, 111.; The Ryerson 
Press, Toronto, 1967. $9.00.
The Vesico-Vaginal Fistula. 2nd ed. J. Chassar 
Moir. 196 pp. Must. Bailliere, Tindall and Cassell, 
London; The Macmillan Company of Canada 
Limited, Toronto, 1967. $10.75.
Wasser- und Elektrolyte-Fibel. Diagnostik und 
Therapie des Fliissigkeitshaushaltes. Bruno Trun- 
iger. 154 pp. Must. Intercontinental Medical Book 
Corp., New York; Georg Thieme Verlag, Stutt­
gart, West Germany, 1967. DM 16,80. $4.60 
(approx.). Paperbound.
f
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Surgical Gut
"  . . .  NO STRONG HEAT-ETHYLENE 
OXIDE STERILIZED SUTURES 
R E M A IN  AT THE 1 5 0  DAY PERIOD 
AND IN  FACT, NONE R EM A IN  
AFTER THE 100 DAY PERIOD.”
Hufnagel, Charles A., Zellos, S., and 
Gillespie. J. F., Comparative Studies of the 
Effect of Methods of Sterilization on the 
Absorption of Chromic Catgut. Amer. J. Surg. 
vol. 109, no. 4, pp. 424-426, April 1965
" IT  W A S  NOTED THAT THERE W A S  
NO G RANULO M A FO R M ATIO N  
W ITH  THE HEAT-TREATED SUTURES.”
Gaskin, E. R., and Childers, M. D. Jr., JAMA, 
vol. 185 pp. 212-214 (July 20) 1963.
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POLYBACTRIN
FORMULA
Powder content 1.5 Gm.
Each gramme contains:
Neomycin Sulphate (as base) 330 mg.
Polymyxin ‘B’ (as sulphate) 100,000 units
Bacitracin (as zinc salt) 25,000 units
STERILE
Pressurized with inert Chlorofluorohydrocarbon propellants 
NET CONTENTS 110 Gm.
The effectiveness of Polybactrin against a 
wide range of pathogens has been effectively 
proved in clinical studies extending over a 
period of seven years. In using Polybactrin, 
Surgeons may be sure that they have a safe 
and potent topical application of antibiotics 
for use as routine prophylaxis and treatment 
in all surgical procedures.
Bach batch of Polybactrin passes through 
7 laboratory checks to ensure sterility and I 
potency before being released for distribution.
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FORTHCOMING MEETINGS
CANADIAN SOCIETY OF 
CHEMOTHERAPY
The Canadian Society of Chemotherapy 
will hold its Fourth Annual Meeting on 
January 29 and 30, 1968 at the Queen Eliz­
abeth Hotel, Montreal, Quebec. The pro­
gram will include two symposia: Drugs and 
Sleep, and Gram-negative Infections— 
Laboratory and Clinical Aspects. A discus­
sion will be held on Clinical Pharmacology 
in Canada. In addition, the Society will be 
pleased to welcome Dr. Hans Selye as guest 
speaker. Contributed papers will be pre­
sented. Either French or English may be 
used; simultaneous translation service will 
be available.
Persons interested in presenting a paper 
at this meeting should send abstracts to Dr. 
Leon Tetrault, Service de Recherche, Hopi- 
tal Saint-Jean-de-Dieu, Montreal-Gamelin, 
Quebec.
SOCIETY OF OBSTETRICIANS AND 
GYNAECOLOGISTS OF CANADA
The Society of Obstetricians and Gynae­
cologists of Canada will hold its Annual 
Meeting at The Chantecler, St. Adele, Que­
bec, June 14-16, 1968. Further information 
may be obtained from the Secretary, Dr. 
John L. Harkins, 537 Medical Arts Building, 
170 St. George Street, Toronto 5, Ontario.
INTERNATIONAL CONFERENCE ON 
MICROCIRCULATION
The European Society for Microcircula­
tion announces its fifth conference as an 
International Conference on Microcircula­
tion to he held at the University of Gote- 
borg, Gothenburg, Sweden, June 24-29, 
1968. Symposia and discussions will be held 
on the following topics: Interdisciplinary 
Approach to Microcirculation, Rheology 
and Microcirculation, and Coagulation, 
Fibrinolysis and Microcirculation. For ap­
plication forms, please write to: Professor 
Lars-Erik Gelin, Surgical Department 1, 
Sahlgrenska Sjukhuset, Gothenburg SV, 
Sweden.
INTERNATIONAL SYMPOSIUM ON 
PARENTERAL NUTRITION
An International Symposium on Parenter­
al Nutrition will be held at Vanderbilt Uni­
versity, Nashville, Tennessee, April 4-6, 
1968. There will be one-half day sessions on 
Indications for Parenteral Nutrition, Carbo­
hydrates, Amino Acids, Fat Emulsions and 
Studies of Complete Parenteral Nutrition.
Advance registration is required. For in­
formation, contact the symposium secretary, 
Mrs. Con O. T. Ball, Station 17, Vanderbilt 
University, Nashville, Tennessee 37203.
NOTICES
1. CLINICAL MEETING IN POST­
GRADUATE OTOLARYNGOLOGY
The Division of Postgraduate Medical 
Education of the University of Toronto will 
present a Clinical Meeting in Postgraduate 
Otolaryngology on January 15 and 16, 1968, 
at the Old Lecture Theatre, Toronto 
General Hospital, Toronto, Ontario. The 
fee for the course will be $50.00. The guest 
speakers will be Dr. John E. Bordley, Ame- 
lot Professor, Laryngology and Otology, 
The Johns Hopkins School of Medicine, 
Baltimore, Maryland and Dr. George F.
J. E. HANGER OF CANADA Limited
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Reed, Professor and Chairman, Department 
of Otolaryngology, State University of New 
York, Syracuse, New York.
2. REFRESHER COURSE FOR
GENERAL SURGEONS
A Refresher Course for General Surgeons 
will be presented by the Division of Post­
graduate Medical Education, University of 
Toronto on February 5-7, 1968. A compre­
hensive program has been arranged cover­
ing many aspects of modern surgery. The 
fee for attendance at this course will be 
$60.00.
3. FRACTURES AND ASSOCIATED
TRAUMA
The University of Toronto Faculty of 
Medicine with the assistance of the Work­
men’s Compensation Board of Ontario will 
present a postgraduate course “Fractures 
and Associated Trauma” in Toronto on 
March 14-16, 1968. On Thursday, March 
14, the meetings will be held at the 
Academy of Medicine, Toronto, on Friday 
at the Workmen’s Compensation Hospital 
at Downsview, a Toronto suburb, and on
University of Toronto
Faculty of Medicine
Division of
Postgraduate M edical Education 
and
The Orthopedic Division of the 
Departm ent of Surgery 
with
W orkm en 's Compensation 
Board of Ontario 
o ffe r
FR A C T U R E S  A N D  
A S S O C IA T E D  T R A U M A
March 14, 15, 16, 1968
The Guest Fa cu lty  w ill be 
Dr. Otto Russe — Vienna 
Dr. Peter London — Birmingham  
Dr. John Fahey — Chicago
For further information contact The 
Director, Division of Postgraduate Medical 
Education, 174 St. George St., Toronto 5.
Saturday at the Academy of Medicine.
The guest faculty will be three ortho­
pedic surgeons of international reputation: 
Mr. Peter S. London, Birmingham Accident 
Hospital, Birmingham, England, Dr. John 
J. Fahey, Northwestern University of Chi­
cago and Dr. Otto Russe, Chief Surgeon of 
the Vienna Accident Hospital and Assistant 
Professor on the Teaching Staff of the 
Medical Faculty of the University of Vien­
na. These guests will be associated in the 
program with Drs. D. L. Macintosh, W. 
R. Harris, II. M. Coleman, G. F. Pennal, 
K  P. Dewar, J. E. Hall, T. W. Barrington 
and J. S. Kennedy, all of Toronto. The 
program will cover the following areas: 
Upper Extremity Injuries, Injuries of the 
Pelvis and Hip, and Lower Extremity In­
juries. Feature presentations by the guest 
faculty on Saturday morning will be as fol­
lows: “Colies Fracture”, J. J. Fahey, “Ob­
servation on Behaviour of Broken Bones”, 
Peter S. London and “How to Plan and 
Run an Accident Unit”, Otto Russe.
In view of the steady increase in trauma 
in this country, an opportunity to discuss 
the management of fractures and trauma 
with highly qualified practitioners and 
teachers will be welcomed by orthopedic 
and general surgeons alike.
For further information on these three 
programs please write to Dr. R. Ian Mac­
donald, Director of the Division of Post­
graduate Medical Education, University of 
Toronto, 174 St. George Street, Toronto 5, 
Ontario.
DISEASES OF THE NOSE, THROAT AND 
EAR. A Handbook for Students and Practition­
ers. 8th ed. I. Simson Hall and Bernard H. 
Colman. 424 pp. Must. E. & S. Livingstone 
Ltd., Edinburgh and London; The Macmillan 
Company of Canada Limited, Toronto, 1967 
$5.50.
As the title of this book by Hall and Colman 
indicates, it covers the more important aspects 
of otolaryngology for students and general 
practitioners. It is not intended to cover the 
more specialized aspects of the diagnosis and 
treatment of ear, nose and throat problems as 
seen through the specialist’s eyes.
The anatomy, which precedes each section, 
is short and concise. It does not fully cover 
all the regional anatomy which can be obtained 
from larger works.
The chapters on methods of examination of 
the ear, nose, pharynx and larynx are particu­
larly appropriate for this type of publication.
